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D.I.Y. KITS FOR SYNTHESISERS, SOUND EFFECT 



C COMPONENTS SETS inc 


PHONOSONICI 


MAIL ORDER SUPPLIERS OF QUALIT 
PRINTED CIRCUIT BOARDS, KITS AN 
COMPONENTS TO A WORLD-WID 
MARKET 


P.E. MIIMISOIMIC MK2 SYNTHESISER 


)le) and PCBsOncl. layout charts^ ^ 

sssshs 


P.E. 16-NOTE SEQUENCER 




KIT 80-9 £ 




NEW KITS 






ELEKTOR RESONANCE FILTER 




P.E. GUITAR O 




“T 01 ' £4 


3E5^: 
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J E83 22 HIGH STREET SIDCU 
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J. BIRKETT 


(Partners: J. H. BirkettJ.L.Birkett) 
Radio Component Suppliers 

25 The Strait, Lincoln. LN2 1JF 






electroValUe 


FOR COMPONENTS THAT COUNT 


SIEMENS NASCOM 

SEMI-CONDUCTOR MICRQ COMPUTERS 
CAPACITORS AND 

^ FERRITES ANCILLARIES 


VERO 

BOARDS 
CASES & 
KITS 


BREADBOARDS 


RADIOHM, 

POTENTIOMETERS 


ISKRA 


SOLDER TOOLS 























































The Acorn modular system 



A range and price unmatched by any other manufacturer in the world. 
Designed and produced in Britain. 

For the absolute 

System One 


compact stand-alone microcomputer based on 
tandard Eurocard modules, and employing the 
ighly popular 6502 MPU (as used in APPLE, 

ET, KIM, etc). Throughout, the design philosophy 
as been to provide full expandability, versatility 
nd economy. Many thousands have already been 
old throughout the world. 


ystem One is complemented by a range of totally 
ompatible eurocards including: 


• 8K+8K Static RAM and EPROM £95 • Laboratory Interface (isolated inputs, high current 

• Colour Prestel Compatible VDU Interface £88 outputs) £122 

• Versatile (serial, parallel, RS232 etc) Interface £69 * *6809 CPU Card £98 

• Dual Mini-floppy Controller £45 • Professional Keyboard (parallel ASCII encoded) £96 

• PROM/EPROMProgrammer(BipolarandUVerasable)£55 • AIM 65 Bus Interface adaptor £33 

• A to D, and D to A Interface (12 bit, high speed) £132 • PAL Encoder £22.50 

• Printer Interface (for 12 data 3 strobe) £60 All prices exclude VAT 


vailable soon: 

80 x 24 character VDU Interface 

32K Dynamic RAM Card 

5V/12V Switched mode power supply (1" deep) 

In circuit emulator (block relocating) 


• IEEE Bus Interface (Full implementation) 

• Real time clock with CMOS RAM 

All these cards utilise ‘state of the art’ devices and represent an 
elegant and long lasting solution to today’s requirements. 


..and the absolute professional 


System Three 



/stem 3, contains the 6502 CPU, 16K RAM with DOS and 
ASIC, VDU Interface, Disc controller and 5" drive, Printer 
terface, backplane and power supplies. The entire unit costs 
)out £1,000 and can be added to or reformatted as required. 


If you need the facilities of the 6809 processor this can be 
substituted for the 6502 CPU (all other hardware remains 
unchanged.) 

Acorn's fast BASIC combined with what is probably the most 
efficient disc operating system available may be linked with a 
control oriented ONLI BASIC addition for laboratory control, or 
an accounts/stock control package for small businesses. 

k A twin disc System Four is available if two drives and 
several peripheral interfaces are required in one case. 
Full service and software facilities available. 

For more information and order form ring or write to 
Acorn Computer Limited, 

4a Market Hill, 

comf 


computer Cambridge, CB2 3NJ 


k. Cambridge (0223) 312772 


““I 


Please send me further information of Acorn products. 
My application concerns__ 


_ i 

Acorn Computer Limited, 4a Market HilL Cambridge, Cambs. Cambridge (0233) 312772 pe/ 8180 j 


—Telephone— 
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(^Marshall's! 


A. Marshall (London) Ltd., Kingsgate House, 
Kingsgate Place, London NW6 4TA 
Industrial Sales: 01-328 1009 
Mail Order: 01-624 8582 



s 

/ 


Build the P.E./Marshall's Teletext Project and convert your standard colour 
television receiver to receive Teletext and Oracle. We can supply either a complete 
kit of parts at £200 inclusive of VAT/postage & packing, alternatively kits of 
parts for the various sub assembly as follows: 


T. Transmitter 

2. Receiver 

3. Decoder (supplied as a complete unit) 

4. Summer Board 

5. Tuner 

6. Power Supply 

7. Hardware and other parts 


£19.00 

£13.00 

£87.00 All prices inclusive of VAT, 
£27.00 postage & packing. 

£60.00 
£16.00 
£ 9.00 


We accept American Express: Access: Barclay Card: Diners Card: also our own 
Marshall's Credit Charge. 

Phone your order now to Margaret O'Donnell on 01-624 0805 

6eCa qieaCdeal 

/Marshall’s 







































Conquer 



Be it career, hobby or interest, like it or not ^ 
the Silicon Chip will revolutionise every human * 
activity over the next ten years. 

Knowledge of its operation and its use is vital. 
Knowledge you can attain, through us, in simple, 
easy to understand stages. 

Learn the technology of the future today in 
your own home. 



ELECTRONICS 



Build your own 
oscilloscope. 


Learn to draw and 
understand circuits. 


Carry out over 
40 experiments. 


COMPUTER 

TECHNOLOGY 

Learn to operate and programme 
your own home comp uter. 



DIGITAL 

TECHNIQUES 

From watches to sophisticated 
instrumentation, 

Digital Electronics adds scope 
to nobby or career. 


BROCHURES 



[IutorcoursE 

ELECTRONICS 


i k 

JRES^ 


No previous knowledge is necessary. 

- Just clip the coupon for a brochure 


Address _ 


Block Caps. Please 
Post now,-without obligation to: 

British National Radio 
& Electronics School. 

P.O.Box 156, Jersey, Channel Isles 
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y^Harshall’sl 


A. Marshall (London) Ltd., Kingsgate House, 
Kingsgate Place, London NW6 4TA 
Industrial Sales: 01-328 1009 
Mail Order: 01-624 8582 


CAPACITORS: 

Mullard Ceramic 63v range 
1 pF to 10,000pF E 24 range 
all at £0.06 each 
Siemens Ceramic 63v B37448/9 
.01: .022: .033: ,047mF @ £0.06 
.068: .ImF @£0.08: ,22mF @ 


£0.11 


CSF High Voltage Ceramic Discs 
Prices £0.07 to £0.18 Range 
lOOpF to lO.OOOpF 
Voltage range up to 6Kv. 

See catalogue for details. 
Comprehensive range Siemens 
Layer Polyester Caps: .001 to 
3.3mF 

Prices £0.07 to £0.63. 

See catalogue for details. 

Large range of Mullard/Siemens 
Electrolytic Axial/Radial 
Capacitance values I.OmF to 
10,000m F 

Voltage ranges 25v: 40v: 63v: 
lOOv: 

Prices and types as catalogue 
Also Mullard C280; Siemens 
B32231/4 and B32110. All prices 
net + VAT and postage/packaging. 


BOXES & CASES 
See catalogue for full range. 
Aluminium boxes 13 sizes. 
Rexine Covered boxes 7 sizes. 
NEW RANGE TMEC CASES 
Send S.A.E. for details & types 
Price range. £14.04 to £ 17.00 
ABS PLASTIC BOXES 


TTL see catalogue for full range SOLDERING EQUIPMENT 
IRONS-ANTEX 

att Cl 5 £3.95 

15 watt CCN £4.20 * 

att CXI7 £4.20 ^ 

att X25 £4.20 
Stand £1.50 


3%" x 2%" x 11" 
4Vi” x 3%" x 1 Vi” 


BAZELLI INSTRUMENT CASES 


Miscellaneous hardware 
including 

Vero Board: Superstrips: 
Vero Breadboard. 

Vero boxes (see catalogue for 
full range). 


SINCLAIR INSTRUMENTS 

Digital Multimeter 

PDM35 £ 34.50 
DM235 £ 52.50 
DM350 £ 72.51 
DM450 £ 99.01 
Digital Frequency Meter 

PFM200 £ 49.81 
Low Power Oscilloscope 

SC110 £139.00 




Card Frames: Fliptop boxes: 


etc el 


TOOLS BAHCO V 

Side Cutter with Bezel. \h 

Side Cutter without Bezel, 

End Cutter without Bezel, fj' 


1980 CATALOGUE 

U.K.: 65p post paid 
Europe 85p post paid ' 
Rest of World £1.25 
i post paid 


il order: 01-624 8! 


KNOBS & SWITCHES 

l Big selection as catalogue 
| Also Resistors; Presets; Pots; 
Opto; Semiconductors etc. 


CRIMSON ELEKTRIK HI FI 
MODULES 

CE608 Power Amp £18.26 

CE1004 " " £21.30 

CE1008 " ” £23.91 

CE1704 " " £30.43 

CE1708 " " £30.43 

CPS1 Power Unit £16.96 
CPS3 " " £20.43 

_ CPS6 " ” £26.09 

CPR1 PreAmp £29.57 
CPR1S PreAmp £38.70 
All prices + VAT + postage/ 
packaging 


mm 


Build the Practical Electronics 
I handheld DMM.This superb product I 
offers professional precision with 
extended battery life. Five function 
operation (AC and DC VOLTS, AC 
and DC CURRENT, RESISTANCE) 
with ability to check diodes. 0.5" LCD 
display with 'Battery Low'warning. 

Auto-polarity, Auto-zero. Full protection \ 
against transients and overloads with 
ability to withstand mains on any range. 

0.5% basic DC accuracy and 15 
different ranges. It measures AC/DC 
voltages from 0.1 mV to 500V. AC/DC 
current from 0. IgA to 2A. Resistance from ' 

0.1 n to 2MD. 200 hour battery life. 

The Kit contains all parts needed to 
construct the multimeter plus assembly 
instructions, battery and test leads. 

We also offer a calibration service 

(£5.00 + VAT) and a trouble-shooting and _ 

calibration service (£7.50 + VAT). Various other 
component parts are also available as listed. 

The multimeter is also available fully assembled 
and calibrated at a cost of £39.70 + P&P + VAT. 


FEATURED 

ASA 

PROJECT IN 
PRACTICAL 
ELECTRONICS 




3: Lascar Electronics, Unit I.Thomasin Road, Basildon, Essex. jft 

Please send me Data □ FULLY ASSEMBLED DMM (INC. LEADS) £47.09 □ ■ 

PE—DMM KIT £39.04 □ ICL 7106 £10.87 □ LCD DISPLAY £9 72 □ PCBE6.27 


I enclose cheque/P.O. ve 
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GENTS QUARTZ 
LCD, 5-function. 

month, date, back- 


I We don't believe you 
can find better value 
combined with quality, 
than these - our special 
introductory prices. 
Compare the savings we 


0 

GENTS QUARTZ LCD. 

SAME AS 1 - Alternative 

ONLY £4.95 

0 

QUARTZ LCD Slim 
Chronograph. 11- 
function. Hours, mins, 
secs, 6 digit-month, date, 
day of week, 1/100 sec 
stopwatch, split and lap 
modes, backlight. 

ONLY £7.95 

a 

QUARTZ LCD ALARM. 

6 digit, hours, mins, secs, 
day, date. 24-hour alarm 
with on/off indicator. 

ONLY £8.95 

© - - 




B 


QUARTZ LCD 
Alarm/Chronograph. 

22 functions. Hours, 

date, month, 1/10 
sec stopwatch, split 
and lap modes, 12 
and 24 hour modes. 


ONLY £12.95 


QUARTZ LCD 
Musical Multi- 
Alarm/ Chronograph. 





in 

m 



a) 



PROGRAMMABLE 



demonstration battery 
fitted (this battery is i 
guaranteed). Please i 
60p for each spare battery 


LADIES QUARTZ 

LCD. 5 functions. 
Dress Style. Func 


Send stamped addressed 
Brochure of 120 other 


ui V J 


78 CASTLE STREET, 
MELBOURNE, DERBY, 
DE71DY 
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Britain's first coi 
computer kit. 


The Sinclair ZX80. 


£ 79*5 


Price breakdown 
ZX80 and manual: £69.52 
VAT. £10.43 

Post and packing FREE 


Please note: many kit makers quote VAT-exclusive 


You’ve 


seen the reviews... you've heard the excit 
mem... now make the kit! 

This is the ZX80. 'Personal Computer World' gave 
it 5 stars for ‘excellent value.' Benchmark tests 
say it's faster than all previous personal com¬ 
puters. And the response from kit enthusiasts 
has been tremendous. 

To help you appreciate its value, the price is 
shown above with and without VAT. This is so 
you can compare the ZX80 with competitive 
kits that don’t appear with inclusive prices. 


‘Excellent value’ indeed! 

For just £79.95 (including VAT and p&p) you 
get everything you need to build a personal 
computer at home... PCB, with 1C sockets for 
all ICs; case; leads for direct connection to a 
cassette recorderand television (black and 
white or colour)'; everything I 

Yet the ZX80 really is a complete, powerful, 
full-facility computer, matching or surpassing 
other personal computers at several times 
the price. 

The ZX80 is programmed in BASIC, and you 
can use it to do quite literally anything from 
playing chess to managing a business. 

The ZX80 is pleasantly straightforward to 
assemble, using a fine-tipped soldering iron. 

It immediately proves what a good job you’ve 
done: connect it to your TV... link it to an 
appropriate power source *... and you’re 
ready to go. 



all ICs. 


• Complete components set, including all 
ICs —all manufactured by selected world¬ 
leading suppliers. 

• New rugged Sinclair keyboard, touch- 
sensitive, wipe-clean. 

• Ready-moulded case. 

• Leads and plugs for connection to 
domestic TV and cassette recorder. 
(Programs can be SAVEd and LOADed 
on to a portable cassette recorder.) 

• FREE course in BASIC programming and 
user manual. 

Optional extras 

• Mains adaptor of 600 mA at 9 V DC 
nominal unregulated (available 
separately-see coupon). 

• Additional memory expansion boards 
allowing up to 16K bytes RAM. (Extra 
RAM chips also available -see coupon). 




! a 600 mA at 9 V DC nc 


lir if desired (see coupo 


The unique and 
valuable components of the 
Sinclair ZX80. 

The Sinclair ZX80 is not just another 
personal computer. Quite apart from its 
exceptionally low price, the ZX80 has two 
uniquely advanced components: the Sinclair 
BASIC interpreter; and the Sinclair teach- 
yourself BASIC manual. 

The unique Sinclair BASIC interpreter offers 
remarkable programming advantages: 

• Unique ‘one-touch’ key word entry: the 
ZX80 eliminates a great deal of tiresome 
typing. Key words (RUN, PRINT, LIST, etc.) 
have their own single-key entry. 

• Unique syntax check. Only lines with correct 
syntax are accepted into programs. A cursor 
identifies errors immediately. This prevents 
entry of long and complicated programs with 
faults only discovered when you try to 

run them. 

• Excellent string-handling capability -takes 
up to 26 string variables of any length. All 
strings can undergo all relational tests (e g. 
comparison). The ZX80 also has string input- 
to request a line of text when necessary. 
Strings do not need to be dimensioned. 

• Up to 26 single dimension arrays. 

• FOR/NEXT loops nested up to 26. 

• Variable names of any length. 

• BASIC language also handles full Boolean 
arithmetic, conditional expressions, etc. 

• Exceptionally powerful edit facilities, allows 
modification of existing program lines. 

• Randomise function, useful for games and 
secret codes, as well as more serious 
applications. 

• Timer under program control. 

• PEEK and POKE enable entry of machine 
code instructions, USR causes jump to a 
user’s machine language sub-routine. 

• High-resolution graphics with 22 standard 
graphic symbols. 

• All characters printable in reverse under 
program control. 

• Lines of unlimited length. 


Fewer chips, compact 
design, volume production - 
more power per pound! 

The ZX80 owes its remarkable low price t 
its remarkable design: the whole system is 
packed on to fewer, newer, more powerful 
and advanced LSI chips. A single SUPER ROf 
for instance, contains the BASIC interpreter, 
the character set, operating system, and 
monitor. And the ZX80’s IK byte RAM is 
roughly equivalent to 4K bytes in a conven¬ 
tional computer-typically storing 100 lines o 
BASIC. (Key words occupy only a single byte 
The display shows 32 characters by 24 line 
And Benchmark tests show that the ZX80 
is faster than all other personal computers. 

No other personal computer offers this 
unique combination of high capability ar ' 
low price. 


Z80 A microprocessor-new, SocketsforTV, 

faster version of the famous cassette recorder 
Z-80 microprocessor chip, power supply. 


widely recognised as the best 
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Sinclair teach-yourself 
- manual. 

i specifications of the Sinclair Z 
ttle to you - don't worry. They're 
ed in the specially-written 128-page 
;e with every kit! The book makes 
; easy, exciting and enjoyable, and 
snts a complete course in BASIC 
nming -from first principles to complex 
ns. (Available separately-purchase 
funded if you buy a ZX80 later.) 
are manual is also included with 

Sinclair ZX80. Kit: £79.95. 
nbled: £99.95. Complete! 

ZX80 kit costs a mere £79.95. Can't 
rave a ZX80 up and running? No 
n! It’s also available, ready assembled, 
£99.95. 

land for the ZX80 is very high: use the 
to order today for the earliest possible 
All orders will be despatched in strict 
We'll acknowledge each order by 
ind tell you exactly when your ZX80 
lelivered. If you choose not to wait, you 
icel your order immediately, and your 
will be refunded at once. Again, of 
you may return yourZX80 as received 
4 days for a full refund. We want you to 
•fied beyond all doubt-and we have 
it that you will be. 

iindaii - 

<80 

nee of Cambridge Ltd 


I”ORDER To: Science of Cambridge Ltd, 6 Kings Parade, Cambridge, Cambs., CB21SN. | 

‘ ri-iDu Remember: all prices shown include VAT, postage and packing. No hidden extras. - 
KJHM Please send me: 

Quantity Item 


ZX80 software - 
now available! 


See the advertisements in Personal 
Computer World (June) and Electronics 
Today International (July). 

New dedicated software - developed 
independently of Science of Cambridge - 
reflects the enormous interest in the ZX80. More 
software available soon - from leading consult¬ 
ancies and software houses. 
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The pack contains all the 
radio, you supply only the 
Practical Electronics March issue. 

The P.E. Traveller features pre-set tuning with five push 
button options, black illuminated tuning scale, with matching 
rotary control knobs, one, combining on/off volume and 
tone-control, the other for manual tuning, each set on wood 
simulated fascia. 

The P.E. Traveller has a 6 watts output, negative ground and 
incorporates an integrated circuit output stage, a Mullard IF 
module LP1181 ceramic filter type, pre-aligned and 
assembled and a Bird pre-aligned push button tuning unit. 
The P.E. Traveller fits easily in or under dashboards. 
Complete with instructions. 


m 


CONSTRUCTORS PACK 7A 

Suitable stainless steel fully 
retractable locking aerial and 
speaker (approx 6" x 4") is 
available as a kit complete. 
£1.95 Per Pack,p&p£1.00. 
Pack 7A may only be purchased 
at the same time as Pack 7. 
NOTE: Constructor’s pack 7A 
sold complete with radio kit 
£15.20 including p&p. 


323 EDGWARE ROAD. LONDON W2. For Personal Shoppers Only, m 

21C HIGH STREET. ACTON W3 6NG. Mail Order Only. No Callers. Closed Thursday 
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PE TELETEXT 

ACK in June '79 an announcement was 
made that we would be publishing a 
Teletext system in the near future. A lecture 
on Teletext was presented by PE at the 
Great British Electronics Bazaar and 
development was under way. Since that 
time our Projects Editor David Shortland 
has been developing a system. Why has it 
taken so long? A brief look at the problems 
we have had to overcome will answer this 
question and we are sure will be interesting 
to all readers. 

The PE Teletext was first discussed at a 
meeting in London involving two represen¬ 
tatives of Mullard (who had developed the 
chips and system we were to use), a direc¬ 
tor and technical representative of 
Marshall's- (who were, as a Mullard dis¬ 
tributor, to provide parts and technical ex¬ 
pertise) and the Editor. 

After that meeting things started to 
move quite fast, a range of components and 
boards were supplied by Marshall's and 
David set to work building a system that 
would interface directly to the set. It was 
felt that this was the most satisfactory way 
to obtain the quality of picture we required, 
and Mullard claimed to have a number of 
interface circuits for various sets that they 
would make available to us. 

Work proceeded at a reasonable pace 
until David came to build the interface 


board to match the system to his own 
Philips set. Mullard provided a "circuit 
idea” which did not give enough informa¬ 
tion, so David approached Philips who were 
using the chips in their set. Philips of course 
own Mullard so we expected some "com¬ 
pany" line and agreement. 

Philips informed us that what we were 
trying to do would not work. A visit to 
Philips followed. More investigation and 
more questions to Mullard indicated that 
the interface circuits they had supplied 
were theoretical. What was more worrying 
was that we were discovering a very high 
proportion of existing sets were not suitable 
for a direct interface, mainly due to the i.f. 
not being good enough. 

Having wasted a few months because of 
misleading information we decided that we 
had two options: 1) Drop the whole thing, 
2) Redesign to incorporate a u.h.f. 
modulator so that the system could plug in 
the aerial socket of any set. 

We chose the latter option, Marshall's 
supplied more parts and David started work 
again. The system looked good, we planned 
publication for the April issue and were only 
waiting for a colour modulator board to set 
the whole thing up for cover shots. Then 
more problems, the quality of the final pic¬ 
ture was not up to the standard we required 
and relied too heavily on a high signal 
strength. A criticism we had of other 


systems and a problem we were deter¬ 
mined to avoid. 

It looked for the second time as if the 
whole project would come to grief. This 
time we were saved by some developments 
at Mullard. A new PAL encoder chip had 
been developed and Mullard kindly supplied 
us with pre-production units to try in our 
system. The new chips worked well and at 
last we had the quality we were after. 

But wait! Mullard had yet to decide to 
produce the chip so again we were in 
danger of loosing the project. Luckily they 
have gone ahead and we are finally able to 
publish the long awaited system. 

The change to an external plug-in unit 
and the use of the new developments from 
Mullard have pushed up the anticipated 
price. But we believe the quality now 
available is better than any other plug-in 
system and we are proud to bring you PE 
Teletext. 

The story has been shortened—for in¬ 
stance, our main contact at Mullard left and 
Marshalls' technical man left before we had 
got very far. Some of the chips originally 
used are now in short supply, so alter¬ 
natives have had to be found. David's wife 
gave birth to twins, severely testing his 
development time and concentration I 
Looking back it's a wonder anything came 
forth. Part one starts on page 38. 

Mike Kenward. 
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Editorial Offices: 

Practical Electronics, 
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Phone: Editorial Poole 71191 

We regret that lengthy technical 

enquiries cannot be answered 

over the telephone (see below). 
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Practical Electronics Advertisements, 
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Technical Queries 

We are unable to offer any advice on the 
use or purchase of commercial equipment 
or the incorporation or modification of 
designs published in Practical Electronics. 

All letters requiring a reply should be 
accompanied by a stamped, self addressed 
envelope and each letter should relate to 
one published project only. 

Components are usually available from 
advertisers; where we anticipate supply dif¬ 
ficulties a source will be suggested. 


Back Numbers 

Copies of most of our recent issues are 
available from: Post Sales Department 
(Practical Electronics), IPC Magazines Ltd., 
Lavington House, 25 Lavington Street, Lon¬ 
don SE1 OPF, at 75p each including In¬ 
land/Overseas p&p. 

Binders 

Binders for PE are available from the same 
address as back numbers at £4-30 each to 
UK or overseas addresses, including 


postage and packing, and VAT where ap¬ 
propriate. Orders should state the year and 
volume required. 

Subscriptions 

Copies of PE are available by post, inland or 
overseas, for £10-60 per 12 issues, from: 
Practical Electronics, Subscription Depart¬ 
ment, Oakfield House, Perrymount Road, 
Haywards Heath, West Sussex RH16 3DH. 
Cheques and postal orders should be made 
payable to IPC Magazines Limited. 
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L equipment and component retailers advertising in 
this magazine. However, where a full address is 
L given, enquiries and orders should then be 
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made direct to the firm concerned. All 
quoted prices are those at the 
^ time of going to press. A 
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GUNNED DOWN 

Anyone who is rewiring their house, or in¬ 
stalling microbore central heating pipes would 
find their job made easier by the use of one of 
the Arrow range of tacking guns, now 
available from Telequip of Bristol. 

Four different sizes of gun and twelve dif¬ 
ferent sizes of staple are available, and cable 
sizes from 5 to 15mm diameter can be 
fastened with a considerable saving in time 
and money over conventional cable clips. 



All guns retail at £20-90 plus VAT, and 
further details of the range can be obtained 
from: Telequip, 2 Oakfields Road, Clifton, 
Bristol BS8 2AL. (0272 312271) 

ERASE YOUR EPROMS 

A range of ultraviolet EPROM erasers, 
manufactured by the U.S. Spectronics Cor¬ 
poration, is now available in this country from 
Chiptech Ltd. 

Claimed to be the fastest and most efficient 
erasers of their size on the market, they have 
been designed primarily for the small systems 
and computer hobbyist at a cost which is well 


within their reach. 

The cheapest of the range, the PE-14. has 
the capacity to erase up to 6 EPROM chips in 
as little as 19 minutes. A similarly rated unit, 
the PE-14T, is fitted with a 60-minute timer to 
automatically shut off the unit. 

The PE-24T, which is a faster and more 
powerful version of the PE-14 series, will erase 
up to 9 EPROMS at once, in as little as 15 
minutes. 



All erasers are fitted with safety interlocks 
and housed in gold anodised aluminium cas¬ 
ings, which combine to make them extremely 

Prices for the range are as follows: PE- 
14—£56; PE-14T—£76-58; PE-24T— 

£111-22. Further information is available 
from: Chiptech Ltd., Unit 1, Tewin Court, 
Welwyn Garden City, Hertfordshire AL7 
1AU. (07073 33260) 


WORK CENTRE 

One of the best multi-position work holders 
to come on the market so far is the new 324 
work-centre, made by Panavise and dis¬ 
tributed by Toolrange, which provides a ver¬ 
satile and compact unit for constructors work¬ 
ing on p.c.b.s. 

The 324 consists of the 312 Tray Base 
mount with six useful component compart¬ 
ments, the standard 300 vice base, permitting 
positioning through a 360 degrees hemisphere, 
the 315 p.c.b. Holder and the 371 Solder Sta¬ 



tion. The 315 p.c.b. Holder handles circuit 
boards up to 200mm wide and 4mm thick and 
extra pairs of arms and an extension bar are 
available to enable several p.c.b.’s to be 
worked on at once. The 371 Solder Station 
consists of a wire spring soldering iron holder, 
capable of holding most popular irons, a 
shaped sponge which fits the tray base and a 
combined wire and solder reel holder. (Solder¬ 
ing iron, reel of solder and wire not supplied). 

The price of the complete station is £35-00 
+ VAT and delivery is ex-stock from: 
Toolrange Ltd., Upton Road, Reading, Berks. 
RG3 2JA (0734 29446) 

SAXON CATALOGUE 

Saxon Entertainments are well known 
among the disco fraternity, and their 1980 
catalogue is now available, and packed with 
everything from jack plugs to complete disco 
consoles. 

Saxon’s comprehensive range includes 
some exciting lighting effects units, and as wel 
as the “pay and play” complete systems, ther< 
are chassis speakers, turntables, cabine 
fittings—in fact everything you need to built 
your own' disco system. 

The catalogue also contains ten vouchers 
worth a total of £30. One voucher may be 
used towards each £30 worth of equipmen 
purchased. 

To obtain your copy of the catalogue, sent 

£1 to: Saxon Entertainments 327/33! 
Whitehorse Road, West Croydon, CR0 2H5 
(01-684 0098) 

PET PROGRAMMER 

A hardware/software package which turns 
the Commodore Pet into a powerful and flexi 
ble programmer for 4K type 2532/273! 
EPROMs is now available from GR Elec 
tronics Ltd. of Newport, Gwent. It comple 
ments the company’s existing programmer fo 
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2516/2716 devices, both allowing Pet users to 
produce firmware to run on their own, or 
other microcomputer systems. 

Owners of the 3016, large keyboard Pet 
can use the package to give themselves up to 
12K of custom-written firmware housed in the 
machine’s three spare EPROM sockets. Older 
type 2001 Pets can also benefit, but using an 
adaptor for the memory expansion connector. 

The new programmer is for 5V rail type 
2532/2732 EPROMs, arid comprises a plug-in 
circuit board which uses the IEEE port for 
data, the user port for control lines and takes 
5V power from the Pet’s external cassette 
drive. Full EPROM programming software is 
supplied on cassette, with functions including 
READ/WRITE to and from RAM and 
EPROM, sequencing, verification and 
READ/WRITE/MODIFY with addresses 
and data in hex. 

And extension socket is also available for 
the convenience of users programming 
EPROMS in batches. It incorporates a 
header, extension cable and plinth-mounted 
zero insertion force socket which allows all 
device handling to be carried out adjacent to 
the Pet’s keyboard. 

Although both 2532 and 2732 (Intel) 
EPROMs can be programmed with the GR 
Electronics device, only the 2532 is directly 
compatible with the new Pet’s internal ROM 
sockets. 

The price of the programmer board and 
software is £80 plus VAT, and the extension is 
£35 plus VAT. Both may be obtained direct 
from: GR Electronics Ltd., Fairoak House, 
Church Road, Newport, Gwent NPT 7EJ. 
(0633 214147) 

SIMWOOD 

The latest DMM from Simwood is the 
MC545. This digit meter has a measure¬ 
ment capability of 19999 and a basic d.c. ac¬ 
curacy of 0-05 per cent. The 545 will operate 
from either a.c. mains or batteries with 
rechargeable cells available as an option. 

Press-button selection is available for all 
functions and ranges (five funtions and 26 
ranges). Typical measurement accuracies are: 



between 0-15 and 0-8 per cent on the 
resistance range; 0-05 per cent on the d.c. 
voltage range and 0-5 per cent on the a.c. 
voltage range. 

The 545 which has overload protection on 
every function and range measure 
180x 64 x 200mm and weighs approximately 1 
42 kg. Each instrument is supplied complete 
with an operator’s manual, test leads, spare 
fuses and batteries. The 545 is priced at 
£139-00. 

Simwood Limited, Garretta Hall, Shalford 
Green, Essex. 


GOT A LIGHT, MIC? 

A new, small, lightweight microphone, with 
appearance, handling and performance 
features ideally suited to highly professional 
on-cameras or on-stage use, has been announ¬ 
ced by Shure Electronics Limited. 

Designated the SM63-CN, the new unit is 
less than six inches long and weighs only 
2-8 oz., making it significantly more comfort¬ 
able to handle and considerably less obtrusive 
in performing situations than any other 
comparable microphone. 



The SM63-CN is a dynamic, omnidirec¬ 
tional type with an output that is about 6dB 
higher than larger, comparable units. Other 
performance advantages include a controlled 
low-frequency rolloff to ensure natural 
sounding voice and music pickup, as well as 
smooth high frequency response for an overall 
clear, crisp clean sound similar to some con¬ 
denser microphones. 

Additionally, the SM63-CN features a 
hum-bucking coil that makes it insensitive to 
strong hum fields, such as those produced by 
studio lighting; a mechanical-elastomer isola¬ 
tion system that makes it resistant to handling 
noise; built-in breath and pop filter; and a 
robust polyester grille that is impervious to 
dents, rust and moisture. 

Normal list price of the SM63-CN is 
£57-00 plus VAT, which includes a swivel 
adapter, windscreen and three-pin audio con¬ 
nectors on both ends of the cable. For further 
information contact: Shure Electronics Ltd, 
Eccleston Road, Maidstone, ME15 6AU 
(0622 59881) 


HI-FI ON THE MOVE 

If high fidelity is important to you wherever 
you are, you will no doubt drool over the three 
new portable radio/cassette recorders recently 
introduced by JVC. All three models have the 
facility of metal tape compatibility which will 
certainly help to give you the sound quality 
you’re after. 

The RC M80L (FM/ MW/ LW/ SW) uses 
a portable version of the JVC synthesiser tun¬ 
ing system with 32 l.e.d. indicators, and has a 
12 station random preset capability, with 
automatic station scanning. 


A twin motor, full logic, solenoid operated 
tape transport, and optional remote control 
are particularly noteworthy features of the RC 
M60L, while the 15 watts per channel RC 
M70L has a 16 programme multi music scan- 



Once you have decided which model best 
suits your needs, all you then need to do is find 
between two and three hundred pounds. 
Recommended prices for the three models are 
as follows: RC M60L—£220; RC M70L— 
£240; RC M80L — £290, though if you shop 
around, you should be able to get about ten 
per cent off. Pictured above is by far the best 
looking of the three, the RC M70L. 

SOUND BOX 

A simple tone generator sound box which is 
suitable for use with both the UK 101 and the 
Ohio Superboard II is now available from 
John Mortimer Electronics. 

The unit is not based on the GIM AY-3- 
8910 sound chip, but employs a VCO which 
can be activated direct from the keyboard. It 
is available either ready assembled and tested 
or in kit form. All that is required to construct 
the kit, comprising a couple of CMOS chips, 
transistors, and about ten potentiometers, is a 
soldering iron, solder and wire cutters. When 
asembled the unit is easily connected to either 
computer and will run oft the on-board power 
supply unit. Unlike more sophisticated sound 
generators, this unit is easy to control, with 
hardware volume control and tuning, and can 
produce music from a simple program of 
keyboard row address POKEing. 

Each box comes complete with full instruc¬ 
tions and a cassette of interesting effects. The 
kit is priced at £14-95 or assembled for 
£19-95 (including VAT and p&p). 

John Mortimer Electronics, PO Box 71, 
Norwich NR6 7JE. 

MK14 

The long awaited full-length programming 
guide for the Science of Cambridge MK14 will 
be available in September. The book which is 
called Understanding Microprocessors with 
the MK14 contains just about every aspect of 
MK14 Assembly language/machine code 
programming, from number systems and 
addressing modes to number crunching, 
interrupts, DMA, multiprocessing and real¬ 
time applications. The appendices include a 
useful instructidn set summary, a full listing 
for the “Hi-lo Game” (used in the text as an 
example of designing a complex program), 
and circuits for a ljK memory expansion. 

Priced at £5-95 plus 35p p&p the book will 
be available direct from Tony Watson, Globe 
Book Services, Little Essex Street, London 
WC2. 
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>HJRA SOUNDS 


The winning combination offering 
you the world of do-it-yourself 
organ making - at a price 
you can afford. 


Franz Lambert is seen 
playing the latest 
addition to WERSI's 
range - "The 
Entertainer”. It has 
a split keyboard, with 
Horn 16', Tibia 16', 
Tibia 8' and clarinet 
8', vibrato, percussion 
and 19 note accomp¬ 
animent section with 
Bass Guitar and 
Piano effects coupled 
to a rhythm unit 
offering March, Beat, 
Slow Rock, Waltz, 
Samba and Swing, 
with autochords. The 
complete kit is just 
£ 220 ! 

Send now for full 
details. 


WHY WERS/? 


A fresh approach and top quality are the secret behind WERSI's worldwide success. The advanced technology used in WERSI 
organs should dismiss any apprehension against the do-it-yourself construction of an organ. It also offers unlimited possibilities for 
exploring new areas of musical experience. New aids for the organist help even the beginner to enjoy the instrument from the start 
and the advanced musician will reach new heights of satisfaction. The novel approach to organ building is highly acclaimed by 
professional musicians like Klaus Wunderlich as well as by the demanding home organist. 

Today WERSI is one of the leading organ manufacturers in the world and exports to over 25 countries. 

D-l-Y organ building is no longer the exclusive pastime of a few technically versed buffs. The construction phases consist of 
assembling printed circuit boards, the installation of the sub units and hardware and the wiring. The organ console comes to you 
already assembled and complete. Prefabricated laced wiring harnesses contain almost all wiring, eliminating a major source of 
problems. 


WERSI MAKES DO-IT-YOUSELF CONSTRUCTION EASIER THAN EVER BEFORE AT 
A FRACTION OFTHE PRICE OFTHE FULLY ASSEMBLED WERSI RANGE. GET THE 
FACTS NOW. 


AURA SOUNDS 14-15 Royal Oak Centre, Brighton Rd., Purley, Surrey. Tel: 01-668-9733 
and at 17 Upper Charter Arcade, Barnsley, W. Yorks. Tel: Barnsley (0226) 5248. 


AURA, sOUIER5l AURA OUIER5I„ AURA 


© 


Send now 
for the 
104 page 
full-colour 
catalogue. 


n 






ra Sounds (PE8) 14/15 Royal Oak Centre, Brighton Rd., Purley, Surrey. 
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Irish Expansion 

Ireland's Industrial Development 
Authority (IDA) is reported as having 
forecast that the Republic will be Europe’s 
'Silicon Valley' by the early 1980s. A touch 
of euphoria is perhaps forgivable since 
Mostek decided to set up a plant on the 
outskirts of Dublin as the best backdoor 
through which to enter the European Com¬ 
mon Market. 

The immediate work flow is wafer 
fabrication in Dallas, dicing and assembly in 
Malaysia and final test in Dublin. Future 
development is expected to result in wafer 
fabrication in Ireland by 1983 and some 
1,200 people employed by 1984. 

There are now some 70 electronics 
manufacturing plants in the Republic, over 
60 percent being American with the 
balance almost entirely from Europe. This is 
a remarkable performance by the IDA in 
selling Ireland as an electronics base. Par¬ 
ticularly so as the country has no history or 
reputation in engineering industry of any 
sort compared, for example, with Scotland 
which has also been dubbed a ‘Silicon 
Valley’ with its first semiconductor plants 
set up some 20 years ago and since 
mightily expanded. 

Ireland is a fine country for both visiting 
executives and local workforce. A good 
vacation area with marvellous fishing, 
riding and other outdoor amenities. But the 
real attraction appears to be the low cost of 
entry. The IDA smooths the path with in¬ 
centives such as low-cost factories and tax- 
free arrangements for profits on exports 
amounting to indirect subsidy. The IDA has 
spent £75 million on factories for the im¬ 
migrant companies. 

On the debit side there is no great pool of 
cheap labour as in offshore operations in 
the Far East, inflation is high, the cost of liv¬ 
ing is higher and industrial unrest greater 
than in the UK. There is also a chronic shor¬ 
tage of engineers and technicians, so much 


so that the Irish Government pays £2,000 
towards the cost of a house to attract key 
people, mainly from the UK. 

Ireland has an export growth rate in elec¬ 
tronics of 50 percent per annum. It sounds 
fantastic until you remember the base line 
of absolute zero only ten years ago. In fact 
by world standards the true figures of size 
are not outstanding. One of the oldest- 
established American companies in Ireland 
is Digital Equipment Corporation who set 
up an operation in Galway in 1971 but still 
employs only just over 1,000 workers. 

Present projections are that total elec¬ 
tronic exports of all types will reach a level 
of £400 million this year, roughly 
equivalent to the turnover of a company the 
size of Racal in the UK. 

Ireland has done remarkably well as an 
off-shore assembly area but has as yet little 
indigenous innovative capability. There is 
therefore no real threat to high technology 
countries. Nonetheless Ireland has a foot 
on the ladder and deserves watching. 


UK Employment 

With so much talk of recession and 
redundancy a heartening note appeared in 
the annual report of the Electronic 
Engineering Association which covers the 
activities of companies solely engaged in 
the electronic capital goods sector of the 
market. The employment trend remains dp- 
wards with almost 100,000 people em¬ 
ployed (a two percent increase) and this 
despite the fact that widespread use of ICs 
and now LSI is continually reducing the 
labour content of assembly and wiring. 

Output of the capital goods sector rose 
by 20 percent in 1979 to over £1 -4 billion 
which allowing for inflation is an underlying 
growth rate of five percent. Direct exports 
are running at the rate of 42 percent to 
which should be added the equipment sold 
to others in the UK for export in their own 
products such as aircraft and ships. 

Forward order books are at their highest 
ever level and still lengthening. The only 
serious difficulty is, 'Too many employers 
competing for too small a pool of high 
skilled people', a situation in which the 
EEA's outgoing President, J. W. Sutherland, 
comments that 'the scope for immediate 
remedy is sorely limited'. 

This year's EEA President is Dr. P. E. Trier 
who graduated as a Mathematical 
Wrangler from Cambridge. After war-time 
and post-war employment with the Royal 
Naval Scientific Service he joined the 
Philips Group and was director of the Mul- 
lard (now re-named Philips) Research 
Laboratories at Redhill from 1953-69. He is 
now a director of Philips Industries, the 
parent organisation of all the Philips Com¬ 
panies in the UK. 

As a mathematician, engineer and in¬ 
dustrialist, Dr. Trier ought to be uniquely 
qualified to find out why there are always 
conflicts between industry and Customs 
and Excise exports statistics. Even if im¬ 
proved correlation of the figures won't tell 
us where we are going it would as least tell 
us with greater certainty where we have 


The sale by Thorn-EMI of their X-ray 
scanner business to US General Electric for 
£17 million is a sad end to an enterprise 
once so full of promise. EMI's breakthrough 
in medical diagnostics was sensational. So, 
at first, were the profits. US GE came in as 
a me-too company and then still more com¬ 
panies elbowed into the business. In the 
end EMI couldn't stand the losses, some 
£26 million in the past two years, and the 
recently formed Thorn-EMI just had to give 
up. 

It is a pity that a brilliant invention which 
has done so much for suffering humanity 
should have seen such vicious in-fighting 
for market shares. There were patent dis¬ 
putes all round and part of the deal with US 
GE is that Thorn-EMI will now receive 
royalties in return for a licence on the 
patents. 

Thorn-EMI is not, however, entirely out 
of the business. They still have their latest 
model which, apparently, US GE didn't 
want, and they have an interest in a new 
body-scanning technique using the prin¬ 
ciple of nuclear magnetic resonance in 
place of traditional X-rays. An experimental 
machine is to be tried out at Hammersmith 
Hospital. But it is clear that Thorn-EMI will 
approach further entry into the scanner 
market with more than usual caution. 


Good News 

Britain's first System X telephone ex¬ 
change is entering service this month (July) 
six months ahead of schedule. Other big 
BPO up-date programmes include ex¬ 
tending the radio paging system to cover 
most of the UK through more than 250 
VHF transmitters, and replacement of all 
the pay phones with a new type controlled 
by microprocessor. On the broad front there 
will be a 50 percent increase in telephone 
system capacity by 1990. 

Among recent defence orders is one 
worth £50 million for Type 2016 sonar 
systems for the Royal Navy and a £75 
million development contract for a Mk 2 
version of the British Aerospace Sky Flash 
radar-guided air-to-air missile. The 
aerospace sector of industry which includes 
radar, radio and electronic navigation aids 
exported nearly £400 million of equipment 
in the first quarter, all set for yet another 
record year. 

New Scotland Yard is to have a £40 
million up-date of command and control 
systems for the Metropolitan Police. The 
BPO has ordered 215 noise measuring sets 
from Eddystone Radio to enhance detection 
and rectification of radio interference 
sources. Robot enthusiasts will be 
delighted to hear that 28 of them are being 
installed on the new Mini Metro production 
lines at BL cars. And Marconi Communica¬ 
tions Systems has completed ahead of 
schedule a second earth satellite terminal 
worth £1-75 million in Bahrain, the 17th 
Marconi major earth terminal to enter 
service throughout the world. 
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T HIS REVIEW should start—“from little acorns, giant oak 
trees grow”. The machine is Science of Cambridge’s modular 
computer system, starting with System One and ending with 
System Four. The photographs show the System Three level lent 
by S. of C. for review. To a great extent it is the Software which 
distinguishes this machine; and, as the photograph shows, its 
compatibility as a Prestel terminal for the Post Office’s new 
remote processing link. The video from the machine is in full 
colour, which unfortunately cannot be appreciated from accom¬ 
panying photos. 

HARDWARE AND PRICES 

There are four system levels of the computer—the first, called 
System One, is more commonly known as the Acorn Computer 
(see PE review Sept. 79). This consists of two boards—a 6502- 
based processor and memory board, plus the display, keyboard 
and cassette interface p.c.b. The photograph here shows what 
happens to the basic Acorn when it is expanded. Facia panels 
are added along with sockets to fit a backplane. The keyboard 
and display sections are removed and the two p.c.b.s slotted into 
a backplane and rack of the 19in. Eurocard variety. 

The System One costs £65, and the System Two with card 
frame, backplane (and four sockets), CPU board, cassette and 
VDU interface, 4K RAM, Software monitor and 4K BASIC 
will set you back £285 as a kit. A further £200 will buy a fully 
assembled and tested version, with the additions of case, 5V 3A 
PSU, buffered backplane and 8 sockets, 4K more of RAM, front 
panels, connectors and an 8K BASIC. At the time of writing, 
software was being supplied in EPROM (2732’s) and an 
EPROM surcharge of £50 on the System Two was in force. 
Each additional component is available separately from S. of C., 
and this is one of the great advantages of the device, a small 
start does not imply that you’ll need to buy a different computer 
to gain greater sophistication. 


The System Three takes the user to mini-floppy disk storage, 
all neatly fitting into the rack, and the System Four adds another 
rack to give maximum expandability for the system up to full 
memory and two 5j" drives. The System Three photographed 
here has three 8K RAM boards, CPU card, cassette interface 
card, VDU card, PSU, fully socketed card rack (with one blank 
panel here) and mini floppy. The total cost without TV monitor 
would be around £1,300 assembled and tested (including an 
ASC11 keyboard, which comes cased). S. of C. will also sell you 
a Sony Trinitron colour monitor for £350. The total disk storage 
included is 80-90K. 

Physically, the p.c.b.s are a high-quality plated-through 
product which seem easy enough to assemble and are, of course, 
fully solder-resist coated. The VDU Controller used is the 6845, 
which is fast becoming the industry standard, and the disk 
controller— the 8271 chip. S. of C. supply data sheets on all the 
devices used within their system at £1 each. 

Expansions to the basic system include a Universal Interface 
board with parallel and serial ports, for hardware control, and a 
6809 board to evaluate this processor via a software monitor 
(which is also included). 

The photographs of the working system show a picture of 
the Post Office’s “Busby” logo for a very good reason—S. of C. 
provide software and hardware to interface with the Prestel and 
Teletext System. 

DISK OPERATING SYSTEM 

The Disk Operating System (DOS) has some pleasant and 
sophisticated features which make its operation neat and less 
time-consuming than some others. Generous abbreviations are 
allowed, and qualifiers may be used to separate out a portion of 
the catalogue for special use. All the usual features are 
present—definition of drive number (0 and 1 only, as a max¬ 
imum of 2 drives exist), protection for given files etc. Eight 
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characters are allowed for a file name on disk, and these may be 
non alpha-numeric. Error messages are quite informative and 
not just numeric. 

Automatic “booting” of a program stored on disk is possible 
on RESET, and the disk is given an “option” number by the 
OPTION command to allow the following modes: 

Option 0: do nothing upon RESET (i.e. stay in DOS) 
Option 1: load the file “BOOT” 

Option 2: run the file “BOOT” 

Option 3: execute the file “BOOT”. 

The last option allows the file called “BOOT” to contain Com¬ 
mands as if typed in from the keyboard. Thus, if BOOT contains 
the Bytes “BASIC” (a five-byte string: B,A,S,I,C,); then, assum¬ 
ing the BASIC interpreter is resident on the disk, BASIC will be 
booted in automatically on RESET. 

Any other commands may be contained in “BOOT” for this 
option, and BOOT is called a “command” file—very useful for 
some clever software tricks. 

Automatic messages may be produced upon accessing given 
files, and these give programs a more professional and 
“turnkey” air when used along with Option 3 above. Other DOS 
commands available are the usual LOAD, SAVE and DELETE 
for disk files; EXEC and GO for executing machine-code 
routines directly and INFO to find out about the files stored in a 
disk, usually after a CAT command, to display the catalogue of 
existing files. The information returned is: qualifier, whether or 
not protected, file name, LOAD and RUN addresses, length of 
file and start-sector on disk. 

The DOS also produces a familiar set of disk error messages 
such as “clock error”, “sector not found” etc., which can help to 
locate bugs in the hardware of the drive if necessary. 

SOFTWARE AVAILABLE ON THE SYSTEM 

The languages available for the system are BASIC, LISP and 
6502 Assembler, while the potentially ubiquitous PASCAL is in 
preparation. In addition to these, many games are in existence, 
and a word-processing package (described below) is also in 
existence. 

BASIC 

The Basic on disk has some very interesting and uncommon 
features, as it was originally conceived to control psychology ex¬ 
periments. Multi-statement lines are allowed, separated by semi¬ 
colons; and abbreviations (with a full stop) are allowed for all 


the BASIC keywords, down to the minimum number of letters 
necessary to make the word unique (this is as for DOS). 
Additionally, spaces are more important than usual in BASIC. 
A useful feature is that the sign stands for a variable which 
determines the fields within which numbers in a PRINT state¬ 
ment are printed. If @ equals 5, for instance, then 5 spaces (in¬ 
cluding sign if negative) are reserved for printing each number 
(right justified) when commas are used in the PRINT list. 

The processor card contains IK of RAM and 104 of these 
locations are reserved especially for the upper-case single-letter 
variable names (A,B,C, etc.). These are always tested first, and 
provide a set of fast-access variables. In addition, single lower¬ 
case letters are available for line labels. Thus: 

10 a PRINT “hello” 

20 Goto a 

would put “hello” endlessly onto the screen. 

A feature called “word indirection” is available whereby the 
result of a calculation can be stored directly into a given set of 
four contiguously addressed bytes. In such a process, direct 
access to the Addresses of data bytes is thus greatly simplified. 
In addition, hexadecimal numbers may be used directly within a 
calculation by using the £ sign as a prefix. Thus, PRINT £AF 
gives the result 175, on the screen. Thus Hex numbers may be 
added and printed using: 

PRINT £AF + £13 

this gives the result C2 —great for hex calculations! The DO— 
UNTIL statement is provided in System Three BASIC, allowing 
loops to be processed until a given condition is satisfied. This 
can be useful in numerical methods for instance, or in control 
functions. 

The statement “LINK” allows machine code statements to be 
run from BASIC, in a similar manner to the more familiar 
“USR” function. Bytes, complete frames of 4 bytes and strings, 
may be “got” from and “put” to sequential data files using the 
usual variety of statements which one would expect in a disk 
BASIC. All the familiar BASIC statements are available, with 
the usual optional use of LET and END statements. No ELSE is 
allowed in IF statements, and the basic BASIC supplied has no 
floating point package. This is available as an extension. 

Another extension is the graphic package which functions as 
follows: The screen is divided into 78 x 75 dots or Pixels (pic¬ 
ture elements). The Busby picture shows the resolution of the 
system. Individual pixels are rather large, but adequate for 
Teletext and Prestel. 
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To set up a pattern on the screen, several commands are 
available. CLEAR clears the screen and places it in graphics 
mode, as well as setting the colour of the pixels to be plotted. 
PLOP, MOVE and DRAW then allow lines and points to be 
displayed on an X,Y Co-ordinate system based at the bottom 
left-hand corner of the screen. 


LISP 

Finally, the language LISP is supplied if required. This 
package, produced by OWL Computers, appears to be well 
thought out and reasonably documented, though perhaps a little 
difficult to follow for the beginner—the program is adapted 
from a version written for the Apple computer. 



FLOATING POINT EXTENSION 

The F.P.E. allows accuracy of 9j digits in a range from 10-38 
to 10+38, approximately. All the standard integer BASIC state¬ 
ments have F.P. equivalents—mostly using the prefix F. For in¬ 
stance, FINPUT is as for INPUT, but uses a floating point 
variable only. In this way, the F.P.E. is a true add-on and is not 
fully integrated into the BASIC on the machine. 

SCREEN EDITOR 

This program allows the computer to be used, effectively, as a 
word-processor. Files containing letters or documents may be 
input from the keyboard and printed out on a hard-copy printer. 
Normally, a word-processor would organise words on the screen 
to prevent their being split from one line to the next. This does 
not appear to be the case with the screen editor, though upon 
print-out the words are organised so that no splits occur, and the 
text can be justified. The absence of “arrow keys” to move the 
cursor around the screen is a drawback from the operator point 
of view. He has to memorise which of the keys perform which 
cursor movement commands—though the keys are arranged in 
a logical manner on the keyboard. 

Special letters are left in the text to signal particular printing 
modes, such as justification, given line-widths and the centering 
of a heading on the page. Strings may be located, deleted, and 
changed as normal. Only one character may be inserted after the 
cursor for each use of the insert command, which is rather 
limiting as far as speed is concerned. Text is entered one page at 
a time, and the operator must not exceed this limit, or an over¬ 
flow message occurs. A page is defined as a full screen. 

The version of the editor supplied with the machine for review 
appeared rather combersome and slow to use compared with 
other packages, but this may well have been due to the rather 
scant and embryonic documentation accompanying the 
program. 


Science of Cambridge can provide software and 
hardware which will interface the Acorn system with 
Prestel and Teletext 


LISP is a language which is orientated towards the processing 
of strings and lists of characters as opposed to scientific and 
numerical calculations, though calculations are possible. 
Complex data structures are easy to construct, and the language 
can process and act upon complex “Boolean” or logical 
conditions. This type of programming is suitable for highly 
interactive routines using human language for communication. 
The computer can easily be made to act as if it understands 
syntax and grammar. As an example, as a demonstration of 
LISP’s capabilities, OWL computers have a program called 
DOCTOR which pretends to be your psychiatrist, and asks 
personal questions in an English conversation—could become 
addictive! 


CONCLUSION 

The system is modular, as mentioned before, and appears to 
be well conceived from a hardware point of view, if father expen¬ 
sive. The software is still in development, but is quite wide. My 
version only ran a converted colour monitor, and it would be in¬ 
teresting to see the resolution through the encoder and UHF 
modulator on a domestic TV. 

The exact market place of the machine is difficult to assess. 
Medium-sized business applications would be difficult with such 
small disk space, and the system would have to be cheaper for 
the hobbyist to buy it. That leaves Education and hardware con¬ 
trol. Both of these would surely benefit from the modularity and 
Input/Output expansions available. ★ 
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by K. Lenton-Smith 


A problem that can confront the elec¬ 
tronic musician is fitting a further 
amplifier and speaker system to an existing 
installation. Though apparently simply in 
theory, the task can be complicated if the 
instrument is not provided with a pre¬ 
amplified output and the end product is 
supplied only to the speaker terminals. 


MATCHED PAIR 

The practical difficulty is matching the 
main speaker signal to a further amplifier. It 
is possible, of course, to find a preamplified 
source somewhere in the instrument's cir¬ 
cuitry but the main speaker signal can be 
useful in other respects: for the moment we 
will assume that the speaker signal has to 
be the starting point. 

Another speaker in parallel would seem 
to be the simplest solution, but would not 
only result in a mismatch but probably en¬ 
danger the output transistors. Placing a 
(say) 50k potentiometer across the main 
speaker and feeding the extension amplifier 
from its slider will give results of sorts but 
losses in tonal quality will perhaps be unac¬ 
ceptable. 

Ruling that out, we try a step-up 
transformer: here the primary can act as a 
dummy load if the main speaker is to be 
switched out. Although this will give better 
results than using a simple pot., there will 
still be losses in tonal quality. 


series resistor to ensure that the Zener 
diode's dissipation is within bounds. If the 
constructor intends to use the extension 
system for a doppler-effect speaker, a 
dummy load must be presented to the main 
amplifier if switching is envisaged. 

LIMITER 

The main speaker signal is useful as the 
source for driving a spring unit, so both this 
drive and the signal for the common base 


amplifier can come from the same point. 
Assuming that one side of the main speaker 
signal is earthed, Fig. 2 shows a suitable 
system that was used by Hammond in their 
M-100 series instruments. An appropriate 
lamp to use is 6V 0-36W, where the fila¬ 
ment has a d.c. resistance of some 140. It 
acts as the volume limiter and is only likely 
to glow on loud passages. The reverbera¬ 
tion spring can be driven directly as in¬ 
dicated in Fig. 2 or this same signal can be 
reduced resistively and fed to the rever¬ 
beration drive amplifier if it is already incor¬ 
porated in the spring unit. 

With a little care, the pre-amplified signal 
from the spring unit can be mixed with the 
output from the common base stage so that 
the extension amplifier handles both 
signals. It is a wise precaution to refer to 
the instrument's service manual to ensure 
that the main speaker is not provided with a 
push-pull, centre tapped to earth, signal. If 
this is the case, suitable resistors will have 
to be inserted after the limiter to avoid los¬ 
ing half of the signal because of the com¬ 
mon earth between the main and extension 
amplifiers. 



UNCOMMON 

In the early days of the transistor, 
available types were of low gain, high 
leakage and very restricted in their cut-off 
frequency. It was not unusual to have to 
resort to common base configuration in 
order to handle even the i.f. of a suphet 
receiver—perhaps operating at 470kHz. 
Today's device is a totally different matter 
and alpha cut-off is no problem anyway 
where audio frequencies are concerned. 
Where common (or grounded) base is 
employed, the stage will handle low im¬ 
pedance inputs and provide a high im¬ 
pedance output with voltage gain—which 
is precisely what we are looking for in this 
instance. The input signal is fed to the emit¬ 
ter, the base ground to a.c. but biased as 
usual and the signal taken from the collec¬ 
tor. A suggested circuit is shown in Fig. 1. 

Power for this stage can be derived from 
the extension amplifier, using a suitable 
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MONITOR 

Whilst dealing with practical aspects, the 
musician reader will hardly need reminding 
that recording at the keyboard can be 
problematcial at the best of times. 
However, nothing is more annoying than 
having to use a pre-amplified tape recorder 
that has to be carted to the hi-fi system 
(possibly in' another room?) to check each 
result. Some organs can be used to play 
back tape—though this may have to be 
monophonic—but headphone facilities are 
ideal. In order to preserve the musical train 


of thought, the simple circuitry of Fig. 3 
may be found useful. 

This can be built in mono or stereo form 
on the smallest stripboard available (both 
amplifiers being identical) and possibly 
mounted somewhere inside the recorder, 
borrowing power from that source. The 
nominal 10V is not critical butaliows small 
electrolytics to be used: the series resistor 
must again - be chosen to limit the zener 
diode's dissipation. Quiescent current is 
some 2mA and the quality of reproduction 
is excellent for this purpose. Two compo¬ 
nents call for comment: the 1MQ feedback 


resistor controls volume and can be varied 
to suit individual taste, whilst the 330K 
inverting input resistor may require amend¬ 
ment according to the tape recorder’s out¬ 
put signal. 

Headphones with mylar diaphragms can 
be extremely sensitive and, should there be 
any tendency to overload, a series 
resistor—say 100Q—in each output lead 
of this type of phone will overcome the 
problem. A simple but effective system of 
checking musical efforts quickly is a great 
help in getting the required result— 
eventually! 



tfe 


ITS NOT 


too 

w®* UUE! 


Last October we gave you a free I.C. removal tool, and we 
still have a limited number available for those of you who 
missed out last time. 

All you need to do is send a postal order for thirty pence 
(made payable to I PC Magazines) and a stamped addressed 
envelope to: 

Practical Electronics (I.C. Removal Tool), Westover 
House, West Quay Road, Poole, Dorset BH15 1JG. 

(Please do not enclose any other correspondence.) 
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lake a step up toyour next Computer! 


THE CONCEPT 

How many ways are there to build an S100 system? Not 
maw, and all expensive.TUSCAN changes all that. 

Five S100 boards on one single board—just for 
starters. Plus five extra slots for future expansion. 

What a combination! Z80 and S100 with the 
TRANSAM total package of system and applications 
software. 

How do we do it? Our prices start at £195 and you 
can build up in easy stages to a fully CP/M compatible 
disc based system. Something to think about! 

THE HARDWARE 

The first Z80 single board computer with integral S100 
expansion. British designed to the new IEEE (8 BIT) 
S100 specification, the TUSCAN offers total system 
flexibility. A flexibility available now. 

The board holds the equivalent of a Z80 cpu card, 
8k ram, 8k rom video and I/O cards with 5 spare 
S100 expansion slots and offers a price/performance 
ratio which is hard to beat. 

Just compare our price with a commercial S100 ten 
slot motherboard with this specification. 

THE SOFTWARE 

TU SCAN offers the user the choice of system monitor, 
editor, resident 8k basic, resident Pascal compiler or full 
CP/M disk operating system. All options are upwards 


compatible and fully supported with applications 
software. Both 514" and 8" drives are supported in 
double density. 

THE PACKAGE 

TUSCAN is available in kit form or assembled. With 
several hardware and software options to suit your 
requirements and budget. Attractive desk top case also 
available holds 2x514" Drives. 


TRANSAM 


NOBODY DOES IT BETTER! 

Send to Transam Components Ltd,. 12 Chapel Street, London NW1 

j”l am interested in the TUSCAN Z80 based single board computer 
I with S100 expansion and enclose a S.A.E. for further details. 


| Address. 


| Telephone__ | 

I___I 


TRANSAM COMPONENTS LTD., 12 CHAPEL STREET, LONDON NW1. TEL: 01-402 8137. TELEX: 444198 
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PROGRflmmflBIE 
SOURD GERERHTOR 

An exciting computer sound unit based on the AY-3- 
8912 PSG. Full waveform, envelope and noise capability 
for your UK101. 

Bombs, bells, creaking doors, banshees that wail like out 
of tune violins, the fierce organ playing of Count Dracula 
in the chapel at midnight, laser beams, hyperspace travel, 
tanks and field guns . . . You'll be interfacing your 
imagination to the real world! 


P(u<i 

PE IELETEHT Pt.2 
PE mRGRUm Pt.2 


ELECTRONICS 


OUR SEPTEMBER ISSUE WILL BE ON SALE SATURDAY 16 AUGUST 1980 
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All resistors 0-25W carbon except where otherwise 


'Selected for 6V operation 


lOOp 16V elect 
10p tantalum 16V 


220n polyester 


Semiconductors 

TR1 E 

IC1 i 


BC 109 
4093 
1N4006 
0A200 


brightness l.e.d.i 


Miscellaneous 

SI D.p.d.t. push switch (miniature) Veroboard (0-1 in) 
3in x 2-2in RHC1 — 100 mA bridge rectifier. Plastic box. 


Consider the circuit in the following state with C2 fully 
charged and pin 4/1C1 d at logic '1'. A logic '0'at pin 2/1C1 a 
ensures the oscillator is off. Pin 11/ICI b is at logic '0' so no 
l.e.d.s are lit. Shorting point A' to 'B' causes C2 to discharge 
rapidly through D2, so when the power returns to the circuit 
(i.e. when the bell push is released) C2 starts to charge via 
R2 causing a logic 'V to be present at pin 2/IC1a—the os¬ 
cillator then functions and the l.e.d.s flash for a period deter¬ 
mined by R2, C2 (about 30 seconds with values shown). 
During oscillations pin 3/ICI a goes to a logic '0' causing the 
latch (gates c and d) to change state. Pin 4/ICI d becomes 
logic 'O'. This state remains until SI is pressed when pin 
11/IClb then becomes a logic '1' and the l.e.d.s light, in¬ 
dicating that the oscillator has been activated. While the 
switch is held depressed, capacitor C4 will charge via R8 
and the logic level at pin 6/ICId will change to a '0' after 
about 2 seconds, resetting the latch and cancelling the lit 


ALTERNATIVE SUPPLY 

The circuit was designed for use with battery operated 
bells, but use with a.c. types up to a maximum of 10V r.m.s. 
is possible using additional circuitry shown in Fig. 1. 

Diode D1 prevents circuit damage if input connections are 
reversed during installation, in which case the bell will ring 
continually. 


CONSTRUCTION 

The components are moi 
shown (in Fig. 2) which in tu 
small plastic box. Two holes 


jnted on 0-1 in Veroboard a 
rn is mounted onto the lid of 
were drilled in the lid to form 


H ERE is a useful gadget for the deaf, the hard of hearing, 
or, the enthusiast who likes to play music very loudly! 
Primarily designed to overcome the problem of not hearing 
someone at the door by providing a visual indication, it has 
the additional feature of a memory, which indicates whethei 
you missed a caller while you were out. 

The complete unit can be made very compact as it can be 
simply connected to the existing bell-push wires. 


CIRCUIT 


and b, R3, R4 and C3 in Fig. 1 form a low frequency 
r which is switched on when the threshold voltage 
/ICIa is exceeded. The output is connected to TR1 
i/hich drivels the l.e.d.s D3 and D4. The power for the 
, from the bell battery. 








'key-hole', which enabled the unit to be fitted on a wall with 
D3k one round-headed screw—the keyhole locating over the 
' D4k head of the screw. 

, D3S4a CHECKING 

After making connections to the bell-push wires, press the 
switch and release. Le.d.s should flash for about 30 seconds 
then extinguish. Press SI and hold, the l.e.d.s should light for 
' swln about 2 seconds then extinguish. Press SI again and the 
l.e.d.s should remain off. 

The unit should be sited, of course, where it can be easily 
seen—perhaps close to the television or stereo. 

In normal operation it looks after itself—switching itself 
■ swi/2 off 30 seconds or so after the bell push was pressed. When, 
•swt/4 however, the memory facility is required, the push button on 
the unit should be depressed until the l.e.d.s extinguish 
before going out. Then, on your return, press the button 
again—if the l.e.d.s do not light, then visitors did not call in 
your absence. -fa 


points nmsmc 


SPLIT-PHASE TREMOLO (May 1980) 

1) The bottom end of VR1 should go to earth (as defined by 
the centre point between the power supply lines) and not 
to the —6V supply. 

2) The 'In' and 'Out' positions on switch SI, as marked on 
the circuit diagram, should be interchanged. 

3) The three jack sockets (JK1, 2 and 3) should ail have 
their screens connected to earth, and not to the —6V 
supply. 

Either RIO or R13 may be replaced by a preset variable 
resistor of value around 4k7. The setting of this variable 
resistor should be so as to cause the signal amplitude across 
it to be the same as the signal amplitude across the remain¬ 
ing fixed resistor. Omission of this adjustment may cause the 
extremely discerning listener to observe that the modulation 
depths on the two channels is not quite identical. The dif¬ 
ference in modulation depths is, of course, caused by the 
emitter load having a signal generated across it by virtue of 
the base current which flows through it. Adjustment of the 
preset variable resistor as described above results in the 
cancellation of this effect. 
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ONLY 


£5500 


* 4 channel 
1000W each 
* 4 basic sequ¬ 
ence pattern selections 
3 types of flip-plop selections 
d & level control sliders * Auto¬ 
operation or via audio input * Full wave 
with logic integrated circuitry * Fully suppres¬ 
sed and fused * Superb TUAC quality and reliability 


VOYAGER STEREO 
MIXER 


The NEW 
Superior Stereo 
Mixer at an incredibly low 
price.ONLY £159.00. 

* 2 Mag deck channels + tone controls * Aux channel 
complete with tone controls * Mic channel 
with tone controls * Full autofade * Full 
headphone/Q facility * Precision L.E.D. VU 
output/Qfacility * Size25"x6"x3". 

Send for our FREE 28 page catal¬ 
ogue. Please enclose a stamp. 
























































DESERT ISLAND CHIPS 

If like me, you feel that some things are 
better left as they are, unimproved by 
generous helpings of electronic technology, 
then your interest in my first two devices 
this month may be tinged with something 
of a sense offoreboding. 

The Stylophone was tolerable, no worse 
in fact than the kids tin drums and 
xylophones which preceded it, I even 
manage a wry smile when greeted by a 
perky rendition of "Colonel Bogey" from 
one of those dreadful musical door bells. I 
do get just a little peeved, though, when 
forced into a corner with one of those 
"Space Invaders" games which makes con¬ 
tinuous rude noises while I'm trying to en¬ 
joy my pint, but at least I can leave them 
behind in the pub. 

The thing that worries me about the new 
7910 series of six integrated-circuit-music- 
makers is that they are so easy to use and 
so cheap that I have a vision of our homes 
being inundated with musical food mixers, 
vacuum cleaners, clocks, tooth brushes, 
and biscuit tins in the not too distant future. 

The 7910 series can provide a tune for 
every occasion including "Home on the 
Range", "Mary had a little Lamb" and 
"Greensleeves", and four of the chips can 
also imitate door chimes and produce 
bleeping alarm noises. Two specials in the 
range are dedicated for clock applications, 
producing ersatz "Westminster Chimes" 

The thing which sets these chips apart 
from the microprocessor door bells of 
yesteryear is the fact that they (a) come in 
diddy 16 pin DIP packages (b) run from a 
single 1.5V battery, with a standby drain of 
typically 2 micro amps and (c) they are sell¬ 
ing; even in small quantities, at less than £2 

The secret seems to be that the 7910 
series is not based on a true micropro¬ 
cessor architecture but on a dedicated 
design with no "fat". The tunes are 
produced by an on chip combo which con¬ 
sists of an oscillator, two envelope 
generators, an output pre-amp and a collec¬ 
tion of ROMs. The ROMs define the tunes, 
and custom programming is therefore 
possible at the mask level. The melody 
ROM, twelve bits wide and 128 words 
deep, can store 128 notes or rests, the 
tempo ROM provides cadences from 
prestissimo to largo, and the control ROM 
welds the whole thing together by keeping 
track of start addresses, tune selections, 
and sequence repetitions. 

The pre-amp provides at least 150 


microamps of base current for an external 
pair of transistors in a push-pull configura¬ 
tion, but apart from those devices, only a 
few cheap passives and a pen cell are all 
you need to drive you and your friends 

The 7910 series are only available in the 
U.S.A. at the moment, from Epson America 
Inc., (who I've never heard of). If you can’t 
wait, they live at 23844 Hawthorne Blvd., 
Torrance, CA 90505. 

SPEAKING CLOCK 

As if the threat of musical biscuit tins 
were not enough, it seems we are also 
faced with the prospect of alarm clocks 
which rouse us from our slumbers with a 
spoken announcement of the time, no 
doubt delivered in a supercilious tone of 
"voice". This terrifying prospect is brought 
to us courtesy of ITT Semiconductors, in 
the shape of a forty pin NMOS integrated 
circuit coded UAA1003. 

All those pins are needed because the 
new device is designed to be connected to 
the seven-segment multiplexed display out¬ 
puts of your favourite digital clock chip in 
parallel with the display LEDs. Yes, that's 
right, it not only speaks, it understands 
digital clock-ese too. 

The UAA1003 can speak up to 25 
separate words, and can be programmed to 
string these in any sequence to amaze and 
delight your friends. Each word consists of 
a number of staircase shaped pulses lasting 
10 milliseconds and produced via an on- 
chip 7 bit digital-to-analogue converter to 
give 128 possible amplitude levels. 

One problem though, they haven't taught 
the UAA1003 to speak English yet, only 
French and German, so unless you relish 
the thought of being awakened by "Bon- 
jour. II est sept heurs et demi" (Followed no 
doubt by a quick burst of "Mary had a little 
Lamb" from the Teasmaid), you will have to 
wait a few weeks before "modding" your 
trusty alarm clock. Your alarm clock should 
have no trouble powering the UAA1003 
when it arrives though, it only needs five 
millamps at 5 volts. 

Personally I am working on suitable 
countermeasures. In my wardrobe there is 
a well used hob-nail boot which I oc¬ 
casionally fling with unerring accuracy at 
the frisky cats who sometimes frequent my 
garden at night. I wonder if the UAA1003 
could stand a direct hit from that! 

NOVOLCHIP 

I have mentioned the ingenious NOVOL 
devices before in this column. They are 


made by Plessey (yes they really are British) 
and their strength lies in the clever com¬ 
bination of high speed but volatile MOS 
memory and slower but non-volatile MNOS 
latches. The mixture yields memory devices 
which can be written-to and read-from like 
any other memory part in normal operation, 
with the added advantage that the contents 
of the memory can be saved almost in¬ 
definitely, even without power, after the ap¬ 
plication of a short SAVE pulse to effect a 
transfer to the MNOS section. This 
technology is invaluable where the loss of 
data due to power loss must be avoided 
and the data must also be easily changed 
during normal operation with power ap¬ 
plied. 

When power is reapplied to a NOVOL 
device, the data stored in the long-term 
MNOS latches can be recalled by applying 
a five micro second pulse to a RECALL in- 

The only reservations I have had about 
NOVOL in the past have concerned the 
limited number of "save" cycles possible 
(about a million), and the fact that only 
small arrays, such as four bit latches for ex¬ 
ample, were available. 

Well, the first problem is a fact of life 
with MNOS, but I withdraw my second 
reservation now that I have seen data on 
the MN9106/7/8 series of NOVOL counter 
chips. The MN9106 is a six decade up- 
counter complete with a multiplexed seven 
segment display driver and overflow logic, 
capable of counting at up to 200KhZ. The 
25 bits of count data (6x4 bits and 1 bit 
for overflow status) can be stored in an 
MNOS array by application of a 10 millise¬ 
cond SAVE pulse, and recalled rapidly 
when required so that the count can con¬ 
tinue from where it had stopped, when the 
power failed for example. 

The other devices in the series have cer¬ 
tain decades changed into divide by six 
counters to provide a timer function. The 
MN9107 counts 99 hours, 59 minutes, 59 
seconds and the MN9108 counts 9999 
hours 59 minutes (or 9999 minutes 59 
seconds). 

The nonvolatility of these counters 
makes them suitable for applications where 
in the past only electro-mechanical gadgets 
could be used, things like car odometers, 
hours-run indicators and production line 
parts counting could all benefit from 
NOVOL technology. 

The MN9106 series all operate from a 
12 volt supply, can be interfaced to CMOS 
orTTL logic, and come in 24 pin packages. 
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We mean it 

The new 30AX colour tube system from Mullard 
doesn't need innumerable twists and turns of a screw¬ 
driver to set it up. 

It needs no adjustments at all. Because every one 
has been ‘designed out’ Every tube that leaves our 
factory is completely pre-adjusted by us. Leaving only 
the turn of one screw to affix or remove the coil. 

No dynamic convergence adjustments. 

No colour purity adjustments. 

And no raster orientation adjustment 

As for what it has to offer, the 30AX’s focus is 
sharper and its definition greatly improved. 

Its in-line guns and specially built coil provide 
the best picture shape yet 

And rest assured it'll stay that way. In a slim 


110° package that trims about 3" off conventional 
22" 90° TV cabinet depths. 

Some features of the 30AX however, are a little 
more established. 

Like its excellent colour registration. 

High brightness. Soft flash protection. Fast warm-up. 
And of course, greater overall reliability. This is the 
new 30AX colour tube system. 

If you'd like more information about it simply 
write to us here at Department MCG,Mullard 
Limited, Mullard House,Torrington Place, London, 

WC1E 7H D. 30AX is a trademark of Mullard Ltd. 


Mullard 

30AX.The perfect slimline. 




W HAT IS electrochemistry? And whatever it is, why is 
chemistry rearing its ugly head in a magazine devoted to 
electronics? Taking the quick answers to these questions, we can 
say first that electrochemistry is that branch of science which 
deals with the frontiers between electricity and chemistry. Just 
how important this little branch of science is, one must judge for 
oneself. Suffice to say that it underlies the working of batteries, 
and accumulators; it provides the explanation of corrosion, and 
at the same time suggests how we might combat it. It is the 
means used for production of all the world’s aluminium, much of 
its magnesium, all of its chlorine and many other vital chemicals 
besides. Electroplating and anodising, electrophoretic paint 
deposition on cars or refrigerators, the monitoring of medical 
parameters, prevention of damp in old buildings by electro- 
osmotic action—one could go on and on! 

As for the second question, the Editor has decided to run a 
series of projects (not consecutively) which will encompass the 
complete range of the major instruments required to study or 
demonstrate this important discipline, either in research labora¬ 
tories or in colleges or secondary schools. These instruments 
i will be specified to the full professional level required for 
research at the highest level. In many cases, they will not be 
cheap to build—but then their commercial counterparts with 
comparable performance would cost many times the same 
amount. In many cases too, options will be shown by means 
of which the builder can construct a less expensive machine, to 
be upgraded at a later date when funds permit. 

THE SCOPE OF ELECTROCHEMISTRY 

One of the best-known electrochemists today. Professor J. 
O’M. Bockris, of Texas, has shown how the subject can be 
divided into “Ionics” and “Electrodics”. The first term relates to 
events taking place in solutions of conducting media, for exam¬ 
ple salts or acids dissolved in water, while the second relates to 
the interface between a metal or other conductor, and the solu¬ 
tion in which it is immersed. 

IONICS 

Far and away the most important measurement we make in 
j relation to water and other species dissolved in it, is pH, or 
j acidity. To a first approximation, we can define this as: 

P H = — log [H + ] 

and in the laboratory, in the food, drug or chemical industry, we 
are constantly concerned with the acidity of whatever we are 
j making, for not only must the value be right but also we can use 
it as a guide to all sorts of other things happening. But then the 
i biologist, the gardener or soil scientist, the aquarist, the doctor 
and vet, are all concerned with the application of this same term 
to their own discipline. There are many ways in which we can 
measure this quantity. But the most commonly used one is to 
use a pH electrode, and, having first calibrated it against solu¬ 
tions whose pH is known, we can measure pH by measuring the 
potential difference generated between this electrode and another 
one, the response of which is not affected by the pH of a solu- 
: tion. This voltage must be measured with a circuit of moderately 


high impedance, of the order of 10 8 Ohms or so, and this re¬ 
quires special design. Formerly this was done with electrometer 
valves, but now we have FET op. amps. The technique of pH 
measurement with an electrode is some 40 years old or so. But 
in the last decade a staggering advance has been made, in that 
we now have a series of Ion-specific Electrodes which can be 
used in very much the same way, to measure the concentrations 
of C1 ~, F~ of Na + in a solution. 

Numerous ion-selective electrodes are now available. Their 
number increases every year. There cannot be an easier way of 
measuring the calcium levels in milk or the amount of nitrate in 
drinking water than by using one of these new electrodes. The 
principles on which they operate are very similar to the glass 
electrodes used to measure pH, and both devices follow more or 
less closely the relationship known as Nemst’s Equation: 

E = E 0 + 2JLELL log [C l - ] (1) 

nF 

where E 0 is a constant, and E is the measured voltage. The other 
terms relate to the concentrations of the ions we wish to 
measure. In practical terms, these electrodes are still a little more 
difficult to use than the pH electrodes which preceded them. The 
actual slope of the relationship between log (X), where X is a 
species and the measured voltage is not always that suggested 
by equation (1), where the factor 

2'3rt = 0-059V at room temperature. 
nF 

but can deviate some way from it. Therefore these instruments 
must incorporate variable slope controls. 


HHhd-i 



Fig. 1. Two electrode system 
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Fig. 2. Three electrode system showing working counter, 
and reference electrodes 


Practical Electronics August 1980 






















From the measurement of pH or pX, it is only a step to an in¬ 
strument which uses this information to actuate some means for 
controlling the same parameter. This is sometimes known as a 
pH stat or auto-titrator and the commonest use is perhaps in the 
treatment of effluent discharges from factories, where a dis¬ 
charge must be held between pH 6 and 8 to be acceptable. The 
actual pH of the effluent is measured and if it is too acid, a valve 
is actuated, to effect addition of some alkali. 

ELECTRODICS 

-The second major branch of electrochemistry, electrodics, 
deals with the passage of a current from a metal electrode and 
into solution. Though much research has been published in the 
past hundred years in this exciting field, a great deal remains to 
be done, not least in the field of electro-organic chemistry; that 
branch which deals with the reactions of organic molecules at 
electrodes, where they are reduced or oxidised (at the cathode or 
anode respectively) or can undergo a range of other fascinating 
reactions such as dimerisation (doubling up). Here is a vast 
territory for novel ideas and research, and what is more, as such 
things go, the tools for this research are far less costly than those 
required for almost any other branch of chemistry. Indeed, apart 
from certain items of glassware, the instruments required will be 
those it is planned to present in the coming series. 

The first laws of electrolysis are those laid down by Sir 
Michael Faraday, over a hundred years ago, in which he stated 
that a given quantity of electrical charge (the Faraday 96,500 
coulombs) will liberate one gramme-molecule of a given sub¬ 
stance for every electron required in the reaction. This opens up 
a number of important experiments, for we now know that by 
passing a certain charge (a known current for a known time), we 
can release precisely determined amounts of material. Indeed, 
the ampere is defined as a standard in these terms, as the 
current, passed for one second, which will deposit the ap¬ 
propriate amount of silver from a solution of this metal. 
However in practical terms, we face a problem, since the effec¬ 
tive resistance of an electrolyte solution with two electrodes im¬ 
mersed in it, is rarely constant, and varies not only with tem¬ 
perature but also with time, as substances deposit on the elec¬ 
trodes the latter change their behaviour thus simulating a change 




in resistance. For this reason, and unlike the electronics scien¬ 
tist, the electrochemist frequently requires the constant current 
device in place of the constant voltage source more commonly 
found in physics. With a constant current device, we can set up 
a current of, say, 50mA and know that it will hold at this value 
even though the voltage required to drive that current changes 
from perhaps 10 volts initially to as much as 18 volts after 30 
minutes. Designs for two such units are presented in this issue. 
One is a simple single transistor unit with an output from 
0-20mA or so. The second is a more advanced unit with 
switchable ranged outputs up to 3A. 

If we wish to learn more about what is taking place during an 
electrolysis with two electrodes dipping into an electrolyte, we 
soon recognise that, in such a simple system, we cannot dis¬ 
tinguish between what is happening at one electrode from that 
happening at the other. The reason for this is the voltage 
required to drive a current from an electrode into solution or 
vice-versa is related to it by: 

V = a + b log i 

where a and b are constants which depend on the metal used, its 
size, condition (roughness) and what electrolysis reaction is 
taking place. We can describe an electrode whose voltage is 
changed as current flows according to this equation, as being 
polarised. Note that it is a non-linear relationship between 
current and voltage; in other words, one of the few cases where 
Ohm’s Law is not obeyed. So with two electrodes in a beaker, 
each obeying the above law, and the ohmic drop through the 
solution as well, we end up with: 

(anode or positive electrode) V = a + b log i 
(cathode, negative electrode) V’ = a’ + b’ log i 
All the constants are different, but the same current, i, must flow 
into the solution at one electrode and and out at the other. 

Adding these two terms together, we get an equation that 
describes the voltage across a cell: 

Vceil = a" + b" log i + iR 

where the last term expresses the ohmic resistance of the elec¬ 
trolyte in the cell and leads etc. V celi is what we measure with a 
voltmeter across the two electrodes when current i flows, E is the 
voltage across the same two electrodes before we pass voltage 
and V and V' apply to each of the two electrodes. R is the 
resistance of the electrolyte. The “Working” electrode is the one 
we are interested in, the one whose current-voltage charac¬ 
teristics (measured against the reference electrode) are plotted in 
Figs. 3 and 4. The “Counter” electrode we must have to ensure 
continuity of current flow through the solution. The “reference” 
electrode, because it passes no current, other than the leakage 
through the high impedance voltmeter, is assumed to be cons¬ 
tant. Because three things are changing all at the same time, it is 
not possible to isolate any one effect. The solution is simple. In¬ 
stead of adopting the circuit as in Fig. 1, we go rather for the 
three-electrode system shown in Fig. 2. The third electrode is 
called a reference electrode. Because no current flows through it, 
other than the minute drain due to the voltage measurement cir¬ 
cuit, it is not polarised and remains at the same voltage even 
though the voltage of the other two electrodes, through which we 
are forcing current, does change. 

If we take two electrodes, and lead is the most easily ob¬ 
tainable metal, dip them into weak sulphuric acid and pass a 
gradually increasing current, we can get values of V and i, and 
plot them. The result should be like that shown in Fig. 3. If we 
can obtain some semi-logarithmic graph paper, the result will in¬ 
stead be a straight line the gradient of which gives us “b” from 
the equation above, while the intercept is “a”. The better our 
electrode is, the greater the value of “a” and a great deal of in¬ 
dustrial research is now concerned with looking for novel elec¬ 
trode materials having a better value of “a” for key reactions 
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such as hydrogen evolution or oxygen evolution (both involved 
in the “hydrogen economy”) or for the chlorine evolution reac¬ 
tion. A more sophisticated instrument for following the 
relationship between current and voltage, is the potentiostat. 
This, unlike the constant current supply (or galvanostat) is a 
feedback device which measures the potential between the elec¬ 
trode whose behaviour we are anxious to study (working elec¬ 
trode) and the reference electrode, and compares this value with 
a pre-determined voltage which has been set up. By regulation of 
the current flowing in the circuit working electrode to counter 
electrode, that is to say variation not only of the magnitude but 
also the sense of this current, the desired potential is held cons¬ 
tant. We may, in some cases, wish not so much as to hold this 
potential constant, but rather to vary it in a linear manner as a 
function of time. In such a case, we need a ramp generator, 
which is coupled to the sensing side of the potentiostat. 


MAKING MEASUREMENTS 

With these instruments, we have the essentials for doing elec¬ 
trochemical experiments. However a certain number of other 
peripherals are also desirable. The measurement of current and 
voltage call for some thought. Current can be measured either 
using a d.c. ammeter in series with the instruments, or by 
measurement of voltage drop across a fixed-value precision 
resistor. Electrochemistry is unusual as a discipline, in that 
currents in a single experiment may vary from a few microam¬ 
peres to an ampere or more. Thus, auto-ranging current 
measurement devices, though not widely used at present, would 
be useful. A further difficulty arises because, for reasons that 
will be explained, the resistor across which the p.d. is measured 
(sometimes known as the “counting resistor”) may well stand 
50V off earth potential, or even more. This calls for a voltage 
follower with rather special properties. The same wide span of 
currents (expressed as voltage drop across a resistor) could also 
suggest a log-response amplifier. 

Application of a given current with measurement of the 
resulting voltage, or the converse process of maintaining a 
defined potential in order to observe the current, are the two 
most basic techniques we use in electrochemistry. By changing 
either the applied voltage or current and observing the value of 
the other parameter, we can obtain a graph of current vs. 
voltage, and from this graph a great deal can be learned about 
the nature of the reaction. Is the current responsive to stirring? 
What is the effect of change of temperature or pH or concentra¬ 
tion of any other species? There is nothing like a little simple 
automation, and application of a simple voltage ramp either to 
the potentiostat or the galvanostat allows us to monitor one 
parameter while the other is continuously changing. We can feed 
the input and output to an X-Y chart recorder and go away for 
our tea until the scan is complete. For a faster scan, we shall use 
an oscilloscope to record the i-V trace, though more recently 
this has been challenged by the transient-recorder. 


SOME EXPERIMENTS 

In the project series, it is intended that all the instrumentation 
required for the study of electrochemistry will be described. That 
is to say a pH or pX meter, a constant current unit, a poten¬ 
tiostat, a function generator and a log amplifier. If space permits 
current followers and voltage followers as well as coulometers 
will also be described. Other equipment which is useful is an os¬ 
cilloscope and, or, a V-t chart recorder. What sort of experi¬ 
ments can we do with this equipment? All sorts of ideas come to 
mind. The following simple experiments are suggested: 

i) Take 2 lead plates and place them in a beaker with dilute 
sulphuric acid. Apply a d.c. current (approximately 100mA 


per cm 2 for a few hours) and we have now formed a simple 
lead acid battery. Measure the voltage at open circuit. It 
should be approximately 2-01 Volts. Now connect the cons¬ 
tant current unit across the two plates and pass current in 
the reverse direction. The “battery” will be discharged. 
Measure the voltage while this is being done and it will 
slowly decrease for several minutes (or longer if you have a 
low current or a good battery) until suddenly the voltage 
will plunge downwards. This is called the knee of the dis¬ 
charge curve, and if we measure the charge passed (in am¬ 
pere hours) from start of discharge till the knee, we obtain 
the capacity of the battery—it won’t be as good as an Ex- 
ide! 


ii) Take a clean metal electrode and plate onto it a thick layer 
of metallic copper from an acid copper sulphate bath. Using 
a constant current unit, measure the charge required. After 
the experiment, use a microscope to measure the thickness 
of the deposit. From Faraday’s law and the Avogadro num¬ 
ber, you can estimate the size of a copper atom. 

iii) Using a potentiostat and a dilute solution of sodium hydrox¬ 
ide (take care this does not splash!) follow the rate of 
hydrogen evolution at electrodes made of silver, gold, lead, 
iron or other metals. See how some are much better elec¬ 
trodes and evolve the same amount of gas at a lower voltage. 
Use a burette upturned to collect the hydrogen and verify 
Faraday’s law (but do not forget to correct for water vapour 
pressure). 

iv) Using a potentiostat as a zero-resistance ammeter, connect a 
piece of steel and a piece of copper through the ammeter to 
one another. When both are immersed in water, you will 
observe a current flow and after a time, evidence of the 
corrosion of the steel will be seen. With this instrument, 
which measures current without imposing any “meter 
resistance” even at the micro-ampere level, we can follow the 
corrosion process. Similar experiments can be done using 
stainless steel, only here the currents will rapidly decrease as 
the metal passivates and forms its protective skin. Scratch 
that skin and the current will shoot up again. 

v) Make up a solution with small amounts of copper, iron and 
zinc salts in it, in dilute acid. Using a 25mV per sec. voltage 
ramp from the function generator connected to the poten¬ 
tiostat observe the current traced out. It should show three 
distinct plateaus corresponding to the three metals in solu¬ 
tion and this principle forms the basis of polarographic 
analysis, each metal plating out as the potential becomes 
more negative. 

The foregoing experiments are intended only as a guide to 
show some of the wide range that can be tackled with the equip¬ 
ment whose construction will be described in detail in later 
issues. These being scientific instruments, it follows that there is 
a wide range of textbooks in which electrochemistry is explained 
and discussed and ideas for experiments are suggested. A list of 
these books will be supplied by the author on request. It must be 
confessed that it is mainly with schools and colleges in mind that 
the present series has been launched, and the authors of the 
various articles will be happy to help interested readers in every 
possible way, whether in the construction of their instruments or 
in using them once they are built. Where possible, queries will be 
referred to the nearest known scientist working in the field to the 
address of the questioner. Happy experimenting! ★ 
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PART ONE... David Shortland 



T HE PE Teletext system, which has been designed around 
the Mullard set of dedicated LSI chips, enables a TV set 
to decode and display the magazine information services 
transmitted by both the BBC and ITV networks (Ceefax, 
Orbit and Oracle). 

The teletext information is transmitted in digital form 
along with the normal television signal using the spare lines 
in the field blanking interval which is usually of 25 lines 
duration. Some of these lines are used for test and signalling 
purposes and although any of them can be used for teletext 
transmissions, only lines 17(330) and 18(331) are used at 
present. 

To reduce setting up and alignment problems the decoder 
board is available fully aligned and tested. The video summer 
board which has been designed by Mullards enables an ex¬ 
cellent teletext display to be obtained via the aerial socket of 
a TV. 

BLOCK DIAGRAM 

A block diagram of the system is shown in Fig. 1.1. The 
aerial signal is fed to the tuner board where the video and 
audio information is extracted. The audio signal is then taken 
direct to the video summer board. The tuner board is also 
used for remote control channel changing. If a channel 
change key is pressed on the infra-red transmitter then a 
four-bit binary signal is sent to the tuner from the receiver to 
operate the changeover. 

The video signal is fed to the decoder board where the 
teletext information is retrieved and then checked for errors. 
The decoder board also generates all the timng signals for 
the teletext display. After checking, the information is stored 
in two IK x 4 static RAMs ready to be displayed. When 
enabled the RAM outputs are converted by a character 
generator into a dot matrix pattern. The matrix is in a 7 x 5 
dot form for feach character but as the character generator 
also has a character rounding facility to improve character 
definition, this effectively increases the matrix to 14 x 10 
dots. The outputs from the decoder board are then taken via 
an interface daughter board to the video summer board 
where the colgur burst and audio signals are added to the 










Fig. 1.1. Block diagram of the PE Teletext system 


composite video signal which is then sent via a UHF 
modulator to the TV. 

The system is connected to the TV via its aerial socket and 
in order to receive a good teletext display the aerial must be 
capable of delivering a strong signal to the set. If there are 
any problems with the reception then the teletext display in¬ 
formation will be corrupted with random data and if the 
corruption is very bad then no text at all will be displayed. 

When the system is first switched on or the reset button 
pressed BBC1 is automatically selected. Either of the other 
two channels can be chosen by pressing the appropriate but¬ 
ton. The channel change buttons on the remote control are 
dual function: in the teletext mode they are the page selec¬ 
tion numbers 1,2, 3, etc. 


REMOTE CONTROL FUNCTIONS 

When the teletext mode is first selected after switch on, 
page 100 is automatically selected. Any other page in the 
magazine can be selected by pressing the appropriate page 
selection numbers (0 to 9) in turn. As each digit is entered 
the page number is built up in the left-hand corner of the 
screen. When the final digit, of the three digit number, has 
been entered the page header turns green (all except the 
left-hand page number) and the green page number in the 
header will "rotate" showing each page number as it is 
transmitted. When the selected page is transmitted the page 
number stops rotating and after the page has been captured 
the header reverts to white and the page is displayed. 

HOLD 

Some of the pages in the system contain more informa¬ 
tion than can be displayed on the screen at one time. To 
overcome this they are divided into a number of sub-pages 
and a different page is transmitted during each sweep of the 
system. As each sub-page is sent it is automatically dis¬ 
played. The particular page in the series being shown is dis¬ 
played in the right-hand corner of the screen, below the time 
(e.g. 1/4, 2/4, etc, etc). The hold key facility enables any 
rotating page to be held indefinitely. After pressing the hold 
key the word hold will appear in the top-right hand corner of 
the screen in place of the 24hr clock. The hold command can 
be cancelled by pressing the text button. 

TIME 

If the time button is pressed when the television picture is 
being viewed the 24hr clock will be inset in the video pic¬ 
ture. The clock will disappear after 5 seconds. 

TEXT 

The text command switches the system into the teletext 
mode and page 100 (the index) of either Ceefax or Oracle is 
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displayed depending on which channel was selected before 
the text button was pressed. This does not apply to BBC2 as 
the Orbit index is on page 200. 

TOP, BOTTOM AND NORMAL 

When in the teletext mode the top and bottom buttons 
select the double height characters and displays one half of 
the page for easier viewing at a distance. The normal button 
changes the display back to a full page. If a new page is 
selected whilst the double height characters are being used 
the top half of the new page will appear irrespective of 
which half page was previously selected. 

REVEAL 

Pages in the system which have parts of their display con¬ 
cealed (i.e. quiz pages) can have these parts displayed by 
pressing the reveal button. 

PICTURE 

To switch the system back to the television picture when 
it is in the teletext mode, press the picture mode. 

TIMED TEXT 

The timed text button enables any single page in the 
system to be stored for viewing at a pre-determined time. To 
use the timed text mode, switch the system into text and 
select the teletext page to be stored, then press timed text. 
This will replace the 24hr clock with the letter T followed by 
a flashing 00-00 display. The page selection buttons can 
then be used to set the time the page is to be viewed (e.g. 
for 8-35 pm press 2035). When this has been completed 
press the cancel button to return the system to the picture. 
When the pre-determined time is reached the page number 
appears in the top left-hand corner of the screen. The page 
can be viewed by pressing the text button. The time code 


can be cleared from the decoder by pressing the cancel time 
text key. 

STATUS 

The television channel being viewed can be identified at 
any time by pressing the status button. The channel is«dis- 
played in the left-hand corner of the screen for 5 seconds. 

RESET 

The reset button puts the system into the television mode 
and cancels all previous teletext commands. 

MIX 

The mix button will inset the page header into the televi¬ 
sion picture. 

NEWSFLASH 

If the new page is a newsflash or subtitle page then the 
system automatically switches back to the television video 
and the newsflash or subtitle information is inset into the 
picture. Switching back from a newsflash or subtitle page 
automatically turns the video off. 

REMOTE CONTROL TRANSMITTER 

The infra-red remote control unit which is used to control 
all the teletext functions is based on time-ratio discrimina¬ 
tion and does not require any accurate timing components. 
The circuit diagram of the transmitter unit which is shown in 
Fig. 1.2 has been designed around the SAA5000 LSI chip 
and can transmit up to 32 commands. 

To protect the system against interference of reflections 
the data is encoded as shown in Fig. 1.3. When a command 
is entered on the keypad a short pseudo-random sequence is 
transmitted followed by a 24-bit data stream which com¬ 
prises a 7-bit start code and a 5-bit message. This 12-bit 
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sequence is then inverted and transmitted again. When a 
key is pressed the whole data stream is automatically 
transmitted so the user does not have to keep the key 
depressed for any specific period of time. The receiver will 
not respond until the whole 24-bits have been received and 
checked. 

The transmitter automatically 'powers up' when a key is 
pressed and will revert to standby when the transmission is 
completed. The push buttons are connected to 12 pins of 
IC1 with pins 10 to 15 being held high. When a button is 
pressed a high is connected to one of the input pins (4 to 9). 
These pins are connected to ground via resistors R1 to R6 
which are pull-down resistors used to determine the input 
sensitivity of the chip. As the circuit 'powers up' an on chip 
oscillator produces a 24-bit data stream at pin 16. The os¬ 
cillator is timed via resistor R7 and capacitor Cl with its fre¬ 
quency being used to determine the output data bit rate. The 
output signal is fed to TR1 which provides the base current 
to operate TR2. The resistor R13 defines the current for the 
epitaxial gallium arsenide l.e.d.s which when forward biased 
emit radiation in the near infra-red region. As high currents 
are used in the transmitter (approx 4 amps), which is sup¬ 
plied by C3, great care should be taken not to touch the pins 
of IC1 when the transmitter is being operated. This is 
because the time duration of the current pulses through the 
output diode can be greatly increased resulting in the diodes 
being permanently damaged. 





Fig. 1.3. Encoding system for the transmitter data 


TO KEYBOARD 




of the Transmitter unit 
CONSTRUCTION 

The transmitter circuit is mounted on a double-sided p.c.b. 
which is shown in Fig. 1.4. Before any components are 
mounted on the board all the through board links, shown in 
Fig. 1.5. by the square pads, should be soldered using tinned 
copper wire. After soldering, check all the links for continuity 
with a multimeter. The components are mounted on one 
side of the board and the switches on the other. The push¬ 
button switches can be soldered next and as they can only 
be mounted one way round, carefully check the orientation 
before soldering. With the switches soldered, turn the board 
over and mount the components. Make sure the compo¬ 
nents are mounted as close as possible to the p.c.b. 
especially the transistor TR2. An i.c. socket should be used 
for IC1. 

The two infra-red diodes are fitted into the end of the case 
using l.e.d. holders. The wiring for the diodes is shown in Fig. 
1.6 along with the p.c.b. mounting details. 

The p.c.b. should be mounted into the case before the i.c. 
is inserted. The case should be drilled to allow the 23 push¬ 
button switches to pass through. The p.c.b. should be moun¬ 
ted using 6BA counter sunk screws and the board spaced 
away from the case using either 6BA nuts or a spacer. When 
the board has been fitted into position check that each key 
operates correctly without fouling the case. 

The keys can be annotated using rub-on transfers either 
on the key tops or on the case. If they are put on the keys 
then clear varnish should be used to protect them from wear. 
The battery can be held in place using double-sided tape. 

RECEIVER CIRCUIT 

The receiver circuit shown in Fig. 1.7 detects the infra-red 
signals from the transmitter via the photo-diode D5. A 
gyrator circuit designed around TR3 improves the rejection 
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of low frequencies whilst allowing the maximum response to 
the narrow transmitted pulses. The output from the diode 
(D5) is a.c. coupled to the voltage amplifier of TR4 and TR5. 
The response of the amplifier which is controlled by C6 and 
the feedback capacitance of TR5's collector has been 
designed to cut off low and high frequency interference. The 
high frequency cut off also improves the stability of the 
amplifier. The output of the amplifier is a.c. coupled via D6 
and D7 to the base of TR6. The diodes D6 and D7 eliminate 
any noise which is generated in D5. 

The 24-bit message code is applied to pin 22 of IC2 
where it is decoded and checked for errors. The DATA out¬ 
put (pin 5) pin of IC2 provides a 7-bit output, 5 bits of which 
are identical to the input message code and the other two 
bits control the mode of the system (i.e. TV or teletext). The 
DLIM output of the chip (pin 7) is clocking pulse which is 
used to clock the output datjkfrom IC2. The internal func¬ 
tions of the circuit are controlled by an oscillator which is 
timed by the resistor and capacitor connected to pins 18 and 


19. The 4-bit outputs from the chip (pins 2, 3, 8 and 21) are 
used to select the TV channel to be viewed. 



Fig. 1.6. Wiring diagram for the infra-red diodes (D3 
and D4) and the mounting details for the p.c.b. 
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Fig. 1.4. Double-sided p.c.b. design for the Transmitter 



Fig. 1.5. Component layout for the transmitter board which also shows the through board links (square pads) 
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1C/1NFRA-RED SELECTOR 



Fig. 1.9. Component layout 


RECEIVER CIRCUIT 

The receiver circuit is mounted on the p.c.b. shown in Fig. 
1.8. All the components, except for the photo-diode D5, 
should be mounted on the board as shown in Fig. 1.9. A 
holder should be used for IC2 and after all the components 
have been soldered into position the p.c.b. can be turned 


over and the diode D5 soldered onto the track side of the 
board taking care that it is correctly orientated. 

The inter wiring for the receiver board and the complete 
system will be covered after the construction of the rest of 
the boards. 

NEXT MONTH: CONSTRUCTION CONTINUED 
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200 Milliard ceramic capacitors with drawer £6-50 
including VAT p. & p. 


To: Marshall's (PE Capacitor Offer), Kingsgate 
House, Kingsgate Place, London NW6 4AT. Tel. 01- 
624 0805. 



Pack 1 Ceramic 


Pack 2 Layer 


O Capacitor packs at £6-50 (Pack 1) or £ 
5£ 2) each 

y I enclose PO/Cheque No.Value ., 


130 Siemens layer capacitors with two drawers 
£13-50 including VAT p. & p. 


We have arranged that these special offer packs are 
available to PE readers from Marshalls. The packs represent 
excellent value for money, the ceramics are normally sold by 
Marshalls at 6p each and the Siemens layer type at 7p to 
36p each (depending on value). 


PACK 1 . 200 Mullard 63V d.c. working minature ceramic 
plate capacitors, 0-1 inch lead spacing. 

Tolerance—1-1 Opf ±0-25pF 
22-330pf ±2% 

470p-1n ±5% 

2n2-10n 10% 

The pack contains 10 each of the following values: Ip, 
2p2, 3p3, 4p7, 6p8, lOp, 22p, 33p, 47p, 68p, lOOp, 220p, 
330p, 470p, 680p, 1 n, 2n2, 3n3, 4n7, lOn. 

PACK 2. 130 Siemens self-healing layer capacitors with 
polyester dielectric, 7mm pin spacing except 1u which is 
10mm. 

Tolerance ±10% 

250V or 400V up to 10On, 100V 220n to 1 u. 

The pack contains 10 of each of the following values: In, 
2n2, 4n7, 6n8, lOn, 22n, 47n, 68n, lOOn, 220n, 470n, 
680n, 1 u. 


t Please allow 28 days for delivery 

n. OFFER CLOSES FRIDAY, 26 SEPT. 1980 

■° Name . 

o 

* 

a Address. 

E 

o 

o 

8 

§ . 

a. 

To: Marshall's (PE Capacitor Offer), Kingsgate 
House, Kingsgate Place, London NW6 4AT. Tel. 01- 
624 0805 
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MICRO-BUS 

Compiled by DJD 



Appearing every two month*. Micro-But presents ideas, applications, and programs for ths most popular 
microprocessors; ones that you are unlikely to find in the manufacturers' data books. The most original ideas 
often come from readers working on their own systems, and payment wi8 be made for any contribution featured. 


T he five topics in this month’s Micro-Bus 
are all totally unrelated, and include an 
automatic Morse-code generator, a game for 
the ZX80, and a program to multiply enor¬ 
mous numbers together. 

MORSE-CODE GENERATOR 

The following program was developed on 
an Mk 14 microcomputer by Andrew 
Chadwick of Hull to produce Morse code as a 
teaching aid for a Scout troop. The program 
has other uses, such as the automatic genera¬ 
tion of call signs and test sequences, and can 
easily be modified to generate Morse code 
from characters as they are typed in at a 
keyboard. The message to be transmitted is 
simply set up in memory and, using a look-up 
table, the program translates the message into 
Morse-code format and transmits it via the 
flag outputs of the microprocessor. The 
message is written using the simple code of 1 
for A, 2 for B, etc., as shown in Fig. 1. A 
blank (39) must be inserted between each 
word, and the message must finish with the 
end-of-message character 37. A simple 


CHARACTER 

A 

B 

C 

D 


G 

H 


HEX 

CODE 


L 12 

M 13 

N 14 

O 15 

P 16 

Q 17 

R 18 

S 19 

T 20 

U 21 

V 22 

W 23 

X 24 

Y 25 

Z 26 


CHARACTER 

0 


3 


6 

7 

8 
9 

End of 
message 
Erase/Error 
Blank 

Long space 


HEX 

CODE 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


MORSE 

CODE 


Fig. 1. List of characters with their 
Morse codes, and the hexadecimal 
codes used by the program in Fig. 4. 


modification would enable the program to 
generate Morse code from a message written 
in ASCII. 

The output can be fed directly to a high- 
impedance speaker by connecting the speaker 
between flag 0 or 1, and ground. Alternatively 




Fig. 2. Interface circuit to enable the 
Mk14 to drive the auxiliary input of a 
tape recorder. 


the output can feed a tape recorder via the 
simple interface shown in Fig. 2, which 
reduces the output to about 400 mV peak to 
peak, suitable for an auxiliary input. 

MORSE CODE 

The Morse code for the letters and numbers 
consists of a series of up to five dots and/or 
dashes, and the program uses a look-up table 
to convert the character to be transmitted into 
a single byte which specifies the Morse code; 
see Fig. 3. The three low-order bits of this 
byte, DO to D2, indicate how many dots or 
dashes there are in the Morse code for the 
character, and whether or not they will be 
sounded. Values of one to five imply one to 
five dots and dashes which will all be sounded, 
whereas six and seven imply one and two 
dots/dashes respectively which will not be 
sounded. This format enables spaces to be 
treated in a similar way to characters. 

The upper five bits in the byte, D4 to D7, 
give the Morse code itself, a one representing a 
dash and a zero representing a dot. D4 corres¬ 
ponds to the first dot or dash. 


MORSE PROGRAM 

The program, shown in Fig. 4, takes up the 
whole of the Mkl4’s standard 256 bytes of 
RAM. It is divided into three sections: a look¬ 
up table from OF IB to OF43 containing the 
Morse-code bytes for the various characters, 
the main program from OF44 to OFC2, and a 
subroutine from OFC3 to OFF6. The sub¬ 
routine generates either a tone or a space of 
length equivalent to either a dot or a dash. 
Which of these possible outputs is produced is 
determined by the two variables DDF 
(Dot/Dash Flag) and MSSF (Master 
Sound/Silence Flag) which are set up by the 
main program before the subroutine is called. 
Setting DDF to 0 gives an output of dot length 
whereas 1 gives an output of dash length. 


CHARACTER 

A 

1 

Blank 


MORSE CODE FORMAT IN LOOK-UP TABLE 
Binary Hexadecimal 

00010010 12 

- 11110101 F5 

(length = dot) 00000 110 06 


Fig. 3. Examples showing how the Morse codes for the characters are 
stored within one byte. 
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Setting MSSF to 0 gi 
indicates that a tone i 


:s no output, whereas 1 
:o be produced. 


PROGRAM OPERATION 

>n of the 


ie byte, and transi 
i time by giving t 
I MSSF the neces 
ie subroutine 





set to point to the location of the first charac¬ 
ter in the message; in the listing of Fig. 4 this is 
at address OEOO, but for the extra RAM on a 
standard Mkl4 this would be OBOO. Pointer 2 
is set to the beginning of the standard RAM 
(OFOO), and pointer 3 to the start of the sub- 

The section of program between OF56 and 
OF64 divides 256 by the specified speed of 
transmission to give the appropriate value for 
the subroutine’s inner-loop counter. At OF65 
the character code is loaded from the message, 


three dots long, and between each word is 
seven dots long. The required spaces between 
dots and dashes, and between letters, are in¬ 
serted by the instructions between OFA9 and 
OFAF, and OFB4 to OFB5, respectively. 

When the end-of-message character has 
been detected and transmitted the program 
returns to the monitor. The timing throughout 
the program is based on a system using a 4-43 
MHz crystal, and will have to be altered for 
any other clock frequency. Note that, with the 
program as it stands, only the : 




OF9A sort out the ir 


P The P main loop, beginning at OF9B, deals Cows’, which ^probably better known in the 


le byte, and set the BU LLS AN D COWS FOR ZX80 


ie first program feature in Micro-Bus 
a the Sinclair ZX80 BASIC-progra 
..licrocomputer. It was devised by S. A 
of Sunderland. The computer generates 
dom 4-digit ‘code’ which the player mi 


digit in the code can^e front l to 6, and each 
guess is entered as a string of four digits 
followed by a NEWLINE. The computer 
replies with a solid rectangle for each ‘Bull’, or 
correct digit in the correct position, and a 
shaded rectangle for each ‘Cow’, or correct 


PROGRAM OPERATION 

The program, shown in Fig. 5, works as 
follows. The computer first generates a code in 
the array Z(0) to Z(3). The guess string is then 
entered into G$, and the program converts it 
into an array of four numbers in G(0) to G(3). 





e computer makes a copy of its code i 
X(0) to X(3), and compares this, element b 
element, with the guess array. If there is 
ill is scored, and a white block is 
e matching numbers in X and G 
:d to 10 and 11 respectively so that 
ot be counted as Cows later on. 
number of Cows is obtained by 
it of the array X with 


it be counted a 
ur Bulls the code has been c 
id the human has won; otl 
iter will declare a victory al 
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represent a solid rectangle, which is obtained 
on the ZX80 by typing SHIFT-W, and “+” 
represents a shaded rectangle, which is ob¬ 
tained by typing SHIFT-T. 

64-DIGIT MULTIPLY 

The following short program for the humble 
Mkl4 can multiply two numbers together to 
give a result of up to 64 digits, thus amply 
demonstrating the superiority of the 
microcomputer over the pocket calculator! 
The program, shown in Fig. 6, was written by 
Geoff Phillips who edits the Mkl4 Users 




Fig. 6. Program for an Mk14 will 
multiply two numbers together to give 
an answer of up to 64 digits. 


Group magazine ‘Complement and Add’ 
where the program first appeared. 

The two numbers to be multiplied are 
stored in BCD format, two decimal digits per 
byte; the first number may be up to 30 
decimal digits long, and the second up to 32 
decimal digits long. The result is produced as a 


BCD number of up to 64 digits. The program 
is surprisingly short, yet takes only two 
seconds, on average, to perform the calcula- 

The numbers should be entered into 
memory as follows: 

OBOO Highest digits of first operand 

. OBOF Lowest digits of first operand 
OB 10 Highest digits of second operand 
OB IF Lowest digits of second operand 
The program should then be executed from 
OF 12, and the answer will be put into memory 
as follows: 

OB20 Highest digits of answer 
OB3F Lowest digits of answer. 

INVERTED CHARACTERS ON VDU 

The Mkl4 VDU interface can be adapted 
to display reverse-video characters (black 
character on white background) mixed in with 
normal characters (white character on black 
background) with the addition of the simple 
circuit shown in Fig. 7. The circuit was sub- 


DIGITAL ALARM-CLOCK 

The following program will make an Acorn 
(System One) function as an alarm clock. The 
time is displayed as ‘hours-minutes-seconds’ 
on the 7-segment displays, and at the set 
alarm time A’s replace the dashes on the dis¬ 
plays and the output line PBO oscillates at 0-5 
Hz so that a buzzer or relay can be operated; 
the normal display is resumed after one 
minute. The program, shown as a hex dump in 
Fig. 8, was submitted by Peter Mayne, whose 
‘Data Find Routine’ was featured in the last 
Micro-Bus. 


DIGITAL ALARM CLOCK 



FUNCTION 

GRAPHICS/CHARS 


BUFFER ENABLE 



J CONNECTIONS 




Fig. 8. Hex dump of a digital alarm- 
clock program for the 6502-based 
Acorn microcomputer. 


To set up the clock execute the program 
from 0200. You should then enter the correct 
time as a sequence of six digits; for example, 
at 7-30 and 20 seconds enter ‘073020’. Then 
enter the alarm time as a sequence of four 
digits; for example, if the required time is 7-31 
enter ‘0731’. Finally type any control key to 
start the clock. The speed at which the clock 
runs is controlled by the value at 0240; since 
the Acorn runs from a 1 MHz crystal the 
clock can be extremely accurate. 


ISwl 

Fig. 7. Circuit to enable an Mk14 VDU 
to display characters in inverse video. 


ADDENDUM 

The following modifications to the ‘Low- 
Cost SC/MP System’ which appeared in the 
April Micro-Bus are recommended by the 
author, A ndrew A itken. 


mitted by Anthony D. Love of Swansea, and is 
designed so that the state of bit 6 of the 
character determines how the character is 
displayed. If the bit is zero, the character is 
displayed in reverse video: otherwise it is dis¬ 
played normally. Thus, for example, X'41 will 
give an A displayed normally, and X'01 will 
give a reversed A. 

CIRCUIT OPERATION 

The circuit checks that the byte presented 
on the data bus is in fact for display by check¬ 
ing that the tri-state address-line buffers are 
enabled; i.e. that pin 1 of IC9 or IC10 is low. 
The graphics/characters input is also checked 
to ensure that the VDU is in character mode 
and, if not, sets the invert-video input high to 
prevent the circuit from interfering with the 
graphics. 

The necessary logic is contained in a 
74LS32 Quad 2-input OR gate package, 
which should be situated as close as possible 
to the VDU board. All the unused inputs are 
connected through a lk resistor to the 
positive supply rail. 



Fig. 9. Modification to the 'Low Cost 
SC/MP System' in the April Micro-Bus. 


In the main circuit of Fig. 3 the CE signal 
to the RAMs should be gated with a signal 
which is high when NRDS or NWDS is active 
to prevent a conflict on the databus; see 
Fig. 9. 

In the hex keyboard circuit of Fig. 4 the D 
input of the 7474 latch should be connected to 
the Q output, not to the 0 output as shown, so 
that the flip/flop will toggle correctly. 


48 


Practical Electronic 















FRANK W. HYDE 


FOR THE YEAR 2000 

The year 2000 is the present target date for 
the Satellite Power System. Already some five 
years of intensive research has shown that 
there are many facets to the 
ultimate success, some with spin-off and some 
showing a whole new field of technology. In 
this issue of Spacewatch a general outline of 
what is to be the main approach to the utilisa¬ 
tion of Solar Energy by the United States will 
be reviewed. This will show not only the 
magnitude of the concept but also the atten¬ 
tion to the environment and the philosophy of 
living in the next century. It can be seen 
perhaps that the thinking is not only world 
wide in its operation but initiates the practical 
possibilities and benefits for mankind. 

In this project is embodied the basic dreams 
for a future in which man turns technology 
toward the concept for “The resources of the 
Earth for the benefit of the people of the 
Earth" and leads that benefit toward every 
man, woman and child that lives and will con¬ 
tinue to live on Planet Earth. 

THE SYSTEM 

The basic principle is the collection of the 
energy of the Sun and its conversion into elec¬ 
tromagnetic waves transmitted to an aerial 
system on Earth where it is converted to a 
form suitable for the existing power lines. This, 
the Satellite Power System, is one of the 
possibilities of the tapping of the power of the 
Sun. 

THE SATELLITE 

This would take the form of a flat structure 
10km long and 5km wide, and to this will be 
attached a high power beam antenna 1km in 
diameter. To it would be assembled the d.c.- 
r.f. power amplifiers and waveguides. 

At the Earth end there will be the collecting 
antenna, which, because it rectifies the 
microwave beam from the satellite, is given the 
name of rectenna. This will be 13-2km by 


lOkrri at a location of 35° latitude. Other loca¬ 
tions nearer the equator could be of different 

The frequency of operation will be 
2-45GHz. This frequency is chosen because it 
has been established that at a power of 
23mW/cm 2 it will have negligible effect on the 
environment and human as well as animal life. 

The satellite would be put first into a low 
earth orbit (LEO), then later raised to the 
geostationary orbit (GEO). 

The first impact of the magnitude of the 
items in the satellite and the physical extent in¬ 
volved, leads to some queries. It is perhaps 
easier to accept the receiving antenna dimen¬ 
sions on the ground and be less concerned 
with any hazards that might be involved. Each 
situation needs some answers. In order to get 
the psychological aspect in perspective and 
relieve anxieties of misunderstanding, the fears 
will be answered in advance. 

The question that first arises is the safety of 
such large units even at the distances from the 
Earth when geostationary orbits are con¬ 
sidered. Questions like: will it be stable? Can it 
de-orbit like Skylab? Is it likely to be a danger 
to people on the ground? The answer is that 
the density of the atmosphere at the 
geostationary orbit level is very low and 
generally satellites are considered to have a 
very long lifetime; indeed theoretically an in¬ 
definite lifetime. The construction of the SPS 
satellite is however rather different from the 
usual type of satellite. It will have a much 
smaller mass to area ratio than previous 
satellites and would be more subject to at¬ 
mospheric drag. 

The SPS satellite has been designed for a 30 
year life and the orbital decay would lie bet¬ 
ween 0-25 and 2,500 metres. That is less than 
one part in ten thousand in the worst condi¬ 
tion. The other associated components such as 
the work platforms, the normal construction 
facilities, the personnel and- their vehicles 
would be less influenced since these would 
have higher mass to area ratios. There will be 
perturbations from solar radiation and from 
lunar and solar gravity effects. Also there are 
the variations like the ellipticity of the Earth. 
These effects would be slightly larger than the 
atmospheric drag but it would be a normal 
part of station-keeping to correct such 
conditions. 

NO HAZARD? 

Perhaps the short answer is that there is no 
reason to suppose that there would be any in¬ 
creased hazard to these large assemblies and 
little likelihood of danger situations. The units 
can be large because gravity is small. 

Another question that might be raised is: 
How vulnerable will the units be to random 
events like meteor showers? This is not very 
likely. The large scale is such that built-in 
redundancy would take care of this. It must 
however be said that overt action military or 
otherwise could do damage, but when ex¬ 
amined this is unlikely except in case of 
deliberate hostilities. This aspect will be con¬ 
sidered later. 

Another question might be: What is the 
possible danger from terrorism or the activities 
of rivals. The answer here is that, when the 
system is fully operational there would be 60 
satellites and a similar number of ground units 


(rectenna and associated facilities). Here the 
very nature of the organisation is such that 
normal security would be of such a nature as 
to take care of such possibilities. Therefore, 
short of war, the possibility is remote, since a 
pilot beam first is needed to enable the system 
and give the instruction to the satellite to focus 
the beam on the rectenna. If the transmitting 
antenna is pointed away from the rectenna the 
beam will at once de-focus. In this case there 
would only appear a level of background 
which would preclude any damage from the 
antenna pointed to the Earth. 

Ope of the areas where doom thinking has 
taken root is the question of damage to the 
ozone layer and the creation of a “Greenhouse 
Effect”. 

The answer to this can be positive. Most of 
the ozone is between 10 and 40km in the 
Stratosphere. Intensive investigation of this 
area has continued over the past ten years. 
The effects from the effluents from SPS rocket 
launches is negligible. Above the 50km level 
the ozone is less than I per cent of the peak 
value in the Stratosphere. However there is the 
possibility that over the 70km level there may 
be an increase of ambient water concentra¬ 
tions. There are complex chemical 
mechanisms which control ozone at these 
levels, but is still not considered to be a 
hazard. 

So far as the Greenhouse Effect is concer¬ 
ned, this is more difficult to deal with though 
there is no expectation that the situation would 
be aggravated by the advent of the satellites. 


NEW NIGHT SKY 

Some people are concerned about the 
aesthetic effects on the night sky. This has 
been considered carefully and the answer is 
that the satellites will be visible on clear nights. 
The actual brightness would be about 1/1000 
of the light of the moon. In the night sky the 
satellites would be most noticeable at midnight 
and equivalent to the light of Venus. 
Binoculars with a magnification of seven 
would show them as rectangular objects and 
not as points of light. It could be said that they 
will enhance the aesthetics because of the 
general appearance. There would be a contrast 
between the random stars of the constellations 
and they would present an apparent straight 
line of objects of equal brightness. They would 
appear to be separated by a distance of 
slightly less than that of the stars in Orion’s 
belt. 

At intervals of six months, the satellites 
would be eclipsed and would pass through the 
Earth’s shadow at about midnight for a num¬ 
ber of days in succession. This would be an 
occurrence similar to a lunar eclipse. The 
satellites would first dim and then redden 
when reaching the edges of the shadow then 
darken and appear a few minutes later. 

Consideration of these matters is con¬ 
tinuing and being constantly updated. The 
next issue of Spacewatch will contain more 
technical details of the design and the conver¬ 
sion systems from the microwave transmis¬ 
sions to the feeding of the power lines for 
general distribution. After this aspect then, the 
possible effects on the future of meteorological 
conditions will be noted with the ecological 
and resource effects. 
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IT*S AS EASY AS A,B,C... 


A EXP 650 For microprocessor chips: £3.60 
B EXP 300 The most widely sold breadboard in the UK; 

for the serious hobbyist. £5.75 
C EXP 600.6" centre channel makes this the 
Microprocessor Breadboard. £6.30 
D EXP 4B An extra 4 bus-bars in one unit. £2.30 
E EXP 325 Built in bus-bars accepts 8,14,16 and up to 22 
pin ICS. £1.60 

F EXP 350 270 contact points, ideal for working with up 
to 3 x 14 pin DIPS. £3.15 

G PB6 Professional breadboard in easily assembled kit 
form. £9.20 (Not illustrated.) 

H PB 100 Kit form breadboard recommended for students 
and educational uses. £11.80 (Not illustrated.) 


& IT’S AS EASY AS 1,2,3 with THE EXPERIMENTOR SYSTEM 

1. EXP 300PC which includes one item. A matchboard 

SCRATCHBOARD 

2 fEXP^OjTwhich includes three items. Three 50-sheet 

-BREADBOARD 

3 ' ar^EXP sow'eHess breadtKjar^r 1 — M V 60 matC ^^° ar( ^ S 

-MATCHBOARD 

4 ' EXP 300 ^adboard a^ f a Kr l at^bc)af^vvcKkpad , —^^SO 




TOMORROW'S TOOLS TODAY 


CONTINENTAL SPECIALTIES CORPORATION 



C.S.C. (UK) Limited,Dept. 500 
Unit 1, Shire Hill Industrial Estate, 
Saffron Walden, Essex CB11 3AQ. 
Tel: Saffron Walden (0799) 21682 
Telex: 817477 



...ASK OUR DEALERS. 


AITKEN BROTHERS, 

35 High Bridge, Newcastle Upon Tyne, NE1 1EW. 

Tel: 0632 26729. 

ARROW ELECTRONICS LTD., 

Leader House, Coptfold Road, Brentwood, Essex. 

Tel: 0277 226470. 

BASIC ELECTRONICS LTD., 

18 Epsom Road, Guildford, Surrey, GUI 3JN. 

Tel: 0483 39984. 

BI-PAK SEMICONDUCTORS, 

P.O. Box 6, Ware, Herts. 

Tel: 0920 3442. 

F. BROWN & CO., 

45 George IV Bridge, Edinburgh, EH1 1EJ, Scotland. 
Tel: 031 225 3461. Telex: 922131. 

THE CHILDRENS SHOP & TACKLE BOX., 

73-75 High Street, Ryde, Isle of Wight. 

Tel: 0983 63437. 

CUBEGATE LTD., 

301 Edgware Road, London, W2 1BN. 

Tel: 01 724 3565. 

ETESON ELECTRONICS, 

15b Lower Green, Poulton-Le-Fylde, Blackpool, FY6 7JL. 
Tel: 0253 885107. 

H. GEE ELECTRONIC SUPPLIES, 

94a Mill Road, Cambridge, CB1 2BD. 

Tel: 0223 358019. 

LEEDS AMATEUR RADIO, 

27 Cookridge Street, Leeds, LS2 3AG. 

Tel: 0532 452657. 

MARSHALLS, 

108A Stokes Croft, Bristol. 

Tel: 0272 426801. 

85 West Regent Street, Glasgow, G2, Scotland. 

Tel: 041 332 4133. 

325 Edgeware Road, London, W2. 

Tel: 01 723 4242. 

40 Cricklewood Broadway, London, NW2 3ET. 

Tel: 01 452 0161. 

RASTRA ELECTRONICS LTD., 

275-281 King Street, Hammersmith, London, W6. 

Tel: 01 748 3143. Telex: 24443 RASTRA G. 
SHUDEHILL SUPPLY COMPANY, 

53 Shudehill, Manchester, M4 4AW. 

Tel: 061 834 1449. 

SPECTRON ELECTRONICS (M/C)* LTD., 

7 Oldfield Road, Salford, M5 4NE. 

Tel: 061 834 4583. 

SWANLEY ELECTRONICS, 

32 Goldsel Road, Swanley, Kent, BR8 8EZ. 

Tel: 0322 64851. 

TECHNOMATIC LTD., 

17 Burnley Road, London, NW10 1ED. 

Tel: 01 452 1500. Telex: 922800. 


TOMORROW’S TOOLS TODAY 

Also ask your local stockist. 

If no dealer in your area, contact CSC direct. 


CONTNENTAL SPECIALTIES CORPORATION 



C.S.C. (UK) Limited, Dept. 500 
Unit 1, Shire Hill Industrial Estate, 
Saffron Walden, Essex CB11 3AQ. 
Tel: Saffron Walden (0799) 21682 
Telex: 817477 
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jOHEAP metal detectors are usually disappointing in use, 
whilst good ones tend to be very expensive. Although 
there is a lot of work involved in building the machine in this 
article, it can be completed for around £40-50, less than a 
quarter of the cost of most ready-made ones of similar per¬ 
formance. It is not strictly a design for the beginner to at¬ 
tempt, but a step by step construction and test procedure 
has been devised to make it as simple as possible. The only 
absolutely essential item of test equipment required is a 
reasonable quality test meter. 

Until now, most metal detector designs for the home con¬ 
structor have been BFOs. True, there have been one or two 
notable exceptions, but even these were relatively un¬ 
sophisticated examples of their type, so readers might be 
interested in a brief description of the basic methods of 
detection and the reasons for the choice of system used in 
this design. 

TYPES OF DETECTOR 

Broadly speaking there are five main ways of detecting 
metal; BFO (beat frequency oscillator), induction balance, 
pulse induction, off resonance, and the magnetometer. The 
latter works by detecting small anomalies in the Earth's 
magnetic field strength. It's fascinating but quite useless for 
treasure hunting since it can detect only ferrous objects. The 
BFO and off resonance types both operate by detecting the 
small changes in the search coil inductance which occur 
i when a metal object is present. Both suffer from a basically 
l popr sensitivity. Some sophisticated attempts have recently 
I beet) made to produce a really good gff resonance machine 
Ispifar without obvious success. 










Pulse induction detectors are another matter however; 
good ones are very sensitive indeed and some of the most 
expensive detectors currently available are these. They 
operate by exposing the gound to powerful pulses of 
magnetism and listening between the pulses for signals due 
to eddy currents set up in any metal objects present in the 
field. Despite their sensitivity they have a couple of impor¬ 
tant drawbacks. Their battery consumption is heavy due to 
the power required by the pulsed transmitter, and they are 
extremely sensitive to even tiny ferrous objects. Their use is 
thus primarily restricted to beach searching,’where objects 
are likely to be buried at considerable depths, and where 
large holes can be easily and rapidly dug. On inland sites, 
their users can become discouraged by the frequent digging 
of large holes in hard ground to recover rusty nails, etc. 

This leaves the induction balance types which have 
become more or less the standard general purpose detector 
for both serious treasure hunters and detecting hobbyists 
alike. It has two coils in its search head, one of which is fed 
with a signal which sets up an alternating field around it. The 
other coil is placed so that normally the field around it 
balances and it has no electrical output. A metal object ap¬ 
proaching the coils will distort the field, resulting in an im¬ 
balance so the the pickup coil will produce an output. This 
can be amplified and used to inform the operator of a "find" 
in a variety of ways. Frequently in simple detectors an audio 
modulated transmitted signal is used, the output from the 
pickup coil then being amplified and demodulated like an 
AM radio signal. There are many possible coil arrangements, 
but most detectors available today use one of the two 
shown in Fig. 1. Fig. 1 (a) shows a "widescan" coil, so called 
because its most sensitive area (shaded) extends right 
across the coils Fig. 1(b) shows a "pinpoint" type, also 
known as a "4B”. In the author's experience the pinpoint is 
by far the better coil in use, as widescans have poor pin¬ 
pointing ability and tend to give false signals for ferrous ob¬ 
jects off centre, coins on edge and the like. It's noticeable 
that many of the best imported American machines use pin¬ 
point coils. 

DISCRIMINATION 

All of this is fine, but there are a couple of extra refine¬ 
ments necessary in a really good metal detector. One of 
these is the ability to discriminate between unwanted junk 
such as silver paper, scraps of iron etc, and desired objects. 
The other is some means of eliminating false signals due to 
"ground effect". Ground capacitance effects can easily be 
prevented by Faraday shielding around the coils, but most 
inland soils contain a proportion of iron oxide which gives a 
signal similar to a piece of ferrite. Beaches wet with sea¬ 
water on the other hand are slightly conductive, and this too 
causes false signals to be produced in the pickup coil. Ob¬ 
viously some means of "tuning out" these effects will im¬ 
prove the detector considerably. 





Fortunately the signals from the search coil consist of 
more than just amplitude variations; they also contain infor¬ 
mation in the form of phase shifts which differ markedly 
according to the type of object causing the signal. With a 
relatively simple phase sensitive detector therefore, a 
machine can be designed which will totally reject ground 
effects and can also, with practice on the part of the user, 
eliminate the majority of the rubbish detected without the 
necessity of having to dig it up! 

NOMENCLATURE 

Some of the terms used by manufacturers to describe 
their machines in recent years have been somewhat confus¬ 
ing so, before we proceed, a note on these may not be 
amiss. 'VLF' stands for "very low frequency". The ability to 
discriminate from phase information against thin section ob¬ 
jects like foil depends on frequency. At higher frequencies, 
'Skin effect' eddy current conduction makes such discrimina¬ 
tion ineffective. Therefore manufacturers began using lower 
and lower frequencies, at least one machine actually worked 
at less than 2kHz. This created problems of its own, as at 
such low frequencies sensitivity to cupro-nickel coins is not 
so good and "Q" problems arise in the coil design. Most 
detectors nowadays operate somewhere between 10 and 
20kHz, where discrimination is still excellent but sensitivity 
and coil design problems do not arise. 

"GEB" means "ground exclusion balance" and refers to 
the phase sensitive means of excluding ground effect. "TR" 
means "transmit-receive", and is often used to describe the 
discriminate mode, suggesting that the machines operate 
with different frequencies or coil configurations in the dif¬ 
ferent modes—they don’t; the only thing that is changed 
between modes is the phase reference point. It is not possi¬ 
ble to avoid ground effect and discriminate at the same time, 
so one normally searches in GEB mode, and on finding an 
object, checks it with the discriminate mode before digging. 
Beer can pull rings can be rejected by the way, but machines 
capable of doing this will also reject any cupro-nickel coin 
smaller than a 10p when set to do so. It is probably better to 
tolerate the rings—many charities now collect these 
anyway. 

BLOCK 

Fig, 2 (dotted) shows a schematic of the Magnum de¬ 
tector. The drive oscillator sets up a field around the search 
coil, and the pickup coil is positioned so that it only gives an 
electrical output when a metal object distorts this field. The 
operating frequency of these stages is approximately 15kHz. 
Signals from the pickup coil are amplified, buffered and 
then inverted so that non-inverted and inverted versions of it 
are simultaneously available. These are fed to the two inputs 
of an electronic changeover switch, operated by a reference 
signal derived from the drive oscillator. This reference signal 
has first been passed through a phase shifting network 
which can be adjusted as required by the user. The output 
from the switch is passed through a 3rd order low-pass ac¬ 
tive filter with a cut-off point set at 40Hz, which removes 
practically all of the 15kHz signal, leaving only the average 
d.c. level. 

Any given signal producing object causes changes in both 
magnitude and phase of the received signal, so by adjusting 
the phase shift network correctly a point can be found where 
these changes either cancel out or cause a net fall in the d.c. 
level, enabling unwanted signals from ground, foil, iron etc, 
to be eliminated. Incidentally, most similar designs to date 
have used either pulse sampling phase detectors, or have 
selected only half-cycles of the input signal. The use of the 


Practical Electronics August 1980 







jsSNSITIVITY | 



Practical Electronics August 1980 





































































































inverter and changeover switch requires very few extra com¬ 
ponents and greatly improves the signal-to-noise ratio, ul¬ 
timately resulting in more sensitivity. 

After the filter, the d.c. signal is amplified. It is only 
changes in the signal that are of interest, so a means of "tun¬ 
ing out” the initial standing d.c. level is required. In simple 
machines this is a manual control, but the need for readjust¬ 
ment after each operation of the phase controls—say 
switching from "ground" to "discriminate"—makes some 
form of automatic tuning desirable. On most commercial 
machines a "tune" button resets the output to zero every 
time it is pressed, but these are notoriously prone to drift. At¬ 
tempts to use continuously resetting systems have been 
made, but this tends to lower the overall sensitivity as most 
manufacturers use rather crude filtering, resulting in con¬ 
siderable delay in the response to a detected'object. In effect 
the autotune tries to reset the output'to zero at the same 
time as the detected object is trying to cause it to rise! The 
highly efficient filtering used in this design ensures an ins¬ 
tant response to a signal, so a continously resetting tuning 
system can be used. This does away with all the drift 
problems, and allows the machine to be used continuously 
at maximum sensitivity if required. A "freeze" button is 
provided to stop the tuning action whilst pinpointing the ex¬ 
act position of finds or discriminating. 

After the autotune and amplifier stage the signal is fed to 
a centre-zero meter; in "discriminate" this indicates positive 
for "good" finds and negative for "bad” ones. Then it goes to 
a further amplifier with a control which sets the point at 
which the audid output is to start. The output from this is of 
course still d.c., so it is chopped up by an audio oscillator, 
providing a signal which only needs a power output stage to 
drive the loudspeaker. 


CIRCUIT 

Fig. 2 shows the complete circuit of the machine. TR1 and 
associated components form the drive oscillator, which 
provides a very pure 15kHz sinewave output. IC1 buffers 
part of this signal and the circuitry around IC2 introduces the 
phase shift as required. In "ground" the available shift is 
about -10 to +40 degrees, whilst in "discriminate" and 
"beach” it is about 0 to -170 degrees. IC3 is a comparator; 
the 3130 was chosen for its high slew rate and good output 
drive signal for the CMOS switch IC6. TR2 is the received 
signal preamp and is connected as a common base amplifier. 
This and oscillator TR1 are both based on designs which 
have been used in several manufactured machipes because 
they are simple and work well. The receive coil L2 is un¬ 
tuned; this, coupled with the low impedance input load of 
TR2 ensures the predictable phase response required for 
reliable discrimination. The output of TR2 is at high im¬ 
pedance so IC4 acts as a buffer, whilst IC5 is a unity gain in¬ 
verter. IC6 is connected as a CMOS electronic changeover 
analogue signal switch. IC7 and IC8 together are the 3rd or¬ 
der low-phase active filter. 

IC9 is a d.c. amplifier and also the auto-tune stage. The 
action of this is probably easier to understand if one first 
considers an ordinary op-amp inverting amplifier, as shown 
in Fig. 3. If the +input is at 0 volts, the —input must also be 
at 0 volts, so if a voltage is applied to the input resistor R in 
the output will change until it restores the 0 voits at the 
—input via R f . Now consider the effect of placing a capacitor 
at point "x". If the output is connected directly to the —input, 
it will go to 0 volts. If at the same time a voltage is applied 
to Ri n , the capacitor will acquire a charge. If the output is 
now disconnected from the —input it will remain at 0 volts 
because the capacitor will retain the charge necessary to 
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offset the input voltage. A change in the input voltage will 
now be reflected in a change in the ouput voltage, the gain 
being given by Rf//Ri n . In this way an amplifier can be con¬ 
structed using only one op-amp which will offset large d.c. 
input voltages and yet provide high d.c. amplification of very 
small input voltage changes. 

In the main circuit TR3 provides a means of connecting 
the output to the —input. The output is divided by R33 and 
R34 and fed through R31, so that the reset rate is relatively 
slow but continuous, as TR3 is normally conducting. If the 
tuning error is very large however, as it would be after 
switching on or operating the discriminating controls, D5 or 
D6 will conduct and greatly accelerate the tuning rate. D3 
and D4 prevent the gate junction of TR3 from becoming 
forward biased at any time. 

VR4 sets the threshold of IC10 and is normally adjusted 
to that it's output is at negative rail voltage. On receipt of a 
signal it rises towards positive. IC11 is a low-power 555 
timer connected as an astable oscillator, giving very short 
(about 100 microsecond) negaative pulses at about 400Hz. 
Thus TR5 is normally on and turns off only during these 
pulses so after R40 any output from IC10 is chopped into 
short positive going pulses. This is the ideal waveform to 
create lots of noise with an economic power consumption. 
The volume control in a design such as this is normally only 
required to limit the maximum noise level, so in this design 
VR5 and TR4 act as an adjustable clamp. In this way the 
sensitivity is not reduced if the volume has to be kept turned 
down. TR6 and TR7 are a complementary Darlington pair, 
their current gain enabling the signal to drive the 
loudspeaker or headphones. 

SUPPLIES 

Two separate power supplies are used in this machine. 
The bulk of the circuitry is supplied with 18 volts from two 
PP3 batteries in series, regulated by the circuit around IC12 
and IC13. With so many op-amps its far easier to arrange 
the design around a centre-tapped supply, so the reference 
generated by the Zener is buffered by IC13. It is then 
doubled by IC12, TR8 and TR9, to give a regulated positive 
rail of twice the Zener voltage, nominally +11-2 volts. This 
arrangement has been used in preference to an integrated 
regulator since it will operate until the battery voltage has 
fallen to only 0-1 volt above the regulator output. Most in¬ 
tegrated regulators require a differential of at least 2 volts, 
which in practice means that the batteries have to be 
replaced rather more frequently. The total power consump¬ 
tion of all this circuitry is about 20mA, less than many radios 
at normal volume. 

Power for the loudspeaker output stage comes from a 
separate 9 volt battery, as this is the simplest way of 
avoiding decoupling difficulties in this very sensitive circuit. 
An extra PP3 is far smaller than the decoupling capacitors 
which would otherwise be required! Only the one power 
supply switch is required as the output draws no current 
unless an input signal is present. 


Rf 



Fig. 3. Op-amp inverter 


CONSTRUCTION 

Construction is on two printed circuit boards and should 
be adhered to as this is a very sensitive circuit indeed; the 
result of any changes may well prove to be severe instability I 

The two boards are stacked vertically in the final assembly 
resulting in a control box which is smaller and neater than 
many very expensive manufactured products. 

The board containing the power supply, autotune and out¬ 
put should be built first as the power supply will be required 
for testing the "front end” board (Fig. 5). 

ASSEMBLY DETAILS 

Start construction by fitting the six links. The fit R45 to 
R48, C22 to C25, ZD1, TR8, TR9, IC12 and IC13. Apply the 
18 volt battery via a 100mA meter and a 220 ohm series 
resistor, which will limit the current if any faults are present. 
It's as well to use this resistor throughout the testing of both 
boards. After a brief surge as the eletrolytics charge the 
current should settle to about 5mA. Check that about 11 
volts appears across C25, and about 5-5 volts across C24. 
This completes the power supply section. 

Continue by fitting R40 and R41, Cl 9 and C20, TR6 and 
TR7. Hook up the speaker, apply the 9 volt power supply via 
the 100mA meter and a 100 ohm resistor, again in case a 
fault is present. After a brief surge the current drawn should 
drop to zero. A finger on R40 and the battery positive at the 
same time should cause a crackle and an indicated current 
flow. Fit R42 to R44, C21, TR5 and IC11. IC11 is the low- 
power 555 timer; despite the manufacturers' notes to the 
contrary these are a little sensitive to handling so treat it 
with care and use a holder. I.c. holders are advisable 
throughout in fact; there is ample room for them. Apply both 
power supplies. A finger on 9 volts positive and on R40 
should now produce the 400Hz output tone, albeit possibly 
at rather low volume. After this the 100R resistor can be left 
out of the 9 volt supply during testing, although the 220R in 
the 18 volt supply should be retained. Fit TR4 and hook up 
VR5. Apply power supplies, place fingers on R40 and 9 volts 
positive, and check that the volume can be controlled with 
VR5. This is one of those many jobs in electronics for which 
one requires three hands! 

Fit R33, R34, R36 to R39, Cl 8, and IC10. IC10 may be in 
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BOARD ASSEMBLIES 




Power supply, autotune and output board 


Front-end board in position 
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METER VR3 



either an 8-pin d.i.i. package, or the round metal T079 ver¬ 
sion. You can now hook up VR4 and apply power. It should 
be possible to turn the output tone on and off with VR4— 
gradually, since the input of IC10 at this stage is effectively 
taken to the supply centre-tap via R33 and R34 which 
reduces its gain somewhat. If there is no output tone check 
that the volume isn't turned right down. 

FINAL TEST 

Fit all the remaining components to this board. Hook up 
S2, VR3 and the meter. Short the input point to the battery 
centre-tap. Apply power; the meter* should return to zero 
within a couple of seconds due to the autotune action. Ad¬ 
just VR4 to just below the tone threshold point. Touch the 


18 volt battery positive with one hand, and, taking a 10M 
resistor in the other, touch the top end of R29 via the 
resistor. This should produce a brief burst of tone and a 
positive jump on the meter, which will then return to zero. 
Repeat this procedure whilst pressing S2—the sound and 
meter deflection produced should then be continuous. Press 
the button, and touch either of the 18 volt battery leads and 
the bottom of Cl 7. This should cause the meter to drive fully 
up or down, and its full scale deflection can then be adjusted 
with VR6. 


Next month: details will be given of the remainder of 
the construction and using the detector. 
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First the EuroBreadBoard 



First the EuroBreadBoard 

Will accept 0.3" and 0.6" pitch DIL IC's, Capacitors, Resistors, 
LED's, Transistors and components with up to ,85mm dia leads. 

500 individual connections PLUS 4 integral Power Bus Strips along 
all edges for minimum inter-connection lengths. 

All rows and columns numbered or lettered for exact location 
indexing (ideal for educational projects) 

Long life, low resistance (<10m ohms) nickel silver contacts 
£6.20 each or £11.70 for 2 including 1 or 2 EuroSolderBoards FREE 
Now the EuroSolderBoard 

New 100mm square, 1.6mm thick printed circuit board with pre¬ 
tinned tracks identically laid out, numbered and lettered to Euro¬ 
BreadBoard pattern. 

Four 2.5mm dia fixing holes. 

£2.00 for set of three ESB's or FREE with every EuroBreadBoard) 


And don't forget the EuroSolderSucker 

Ideal for tidying up messy solder joints or freeing multi-pin IC's, this 
195mm long, all metal, high suction desoldering tool has replaceable 
Teflon tip and enables removal of molten solder from all sizes of 
pcb pads and track. Primed and rele ased by thumb, it costs only 
£7.25 including VAT & PP — “ 


David George Sales, 

Unit 7, Higgs Ind. Est.. 2 Herne Hill Rd., London SE24 0AU. 

Please send me:- 


1 EuroBreadBoard 
or 2 EuroBreadBoards 
or 3 EuroSolderBoards 
or 1 EuroSolderSucker 


@ £6.20 O 

@£11.70 O Please 

a £2.00 O Tick 

a £7.25 O 


All prices are applicable from Jan. 1 st 1980 and include VAT 
and PP but add 15% for overseas orders. 

Name. 

Company. 

Address. 


Tel. No.. 

Please make cheques/P.O. payable to David George Sales 

and allow 10 days for cheque clearance and order processing PE.8. 



in kit form 


SPARKRITE X5 is a high performance, top qualify-inductive j 
discharge electronic igmtionsystem designed for the electronics 
D.l V world It has. been tried, tested and proven to be utterly p 
reliable Assembly only takes 1 2hoiirsandrnstallatioii it , 
even lessdue to the patented clip on’ easy fitting J '} 
The superb technical design of the 
Sparkrite circuit eliminates problems of the j 

contact breaker There is no,misfire due to V. V ), & J 
contact breaker bounce which is eliminated \V'j/pf 
electronically by a pulse suppression ^ 

circuit which prevents the unit firing if the ^ 
points bounce c 1 

Contact breake 

reducing the cu _ 

■ ; hi 11 

iisiiHIj- 

discharging to the (lings The unit in. Indus «? ^ 

built in static hmu>q light system-, function $ 

li()ht and security . h,in,|eove, teh Jf HK 

Will work all rev counter's 

Fits all 12 v negative-earth vehicles 

with coil/distributor ignition up to 8 cylinders. 

THE KIT COMPRISES EVERYTHING NEEDED 7 

Die pressed case Ready drilled, -aluminium extruded 

base and heat sink, coil mounting clips and accessories All kit 

components are guaranteed for a period of 2 years.from date off ; 

purchase Fully illustrated assembly and installation, instruction^ 

included 

Roger Clark the world famous rally drivei 
says "Sparkrite electronic ignition system 


high R P M 




HIGH PERFORMANCE 
ELECTRONIC IGNIT IOI 


B Instant all-weather starting 

• Smoother running 

• Continual peak performance 

• Longer battery & plug life 

• Improved fuel consumption 

• Improved acceleration/top speed - 
Extended energy storage ~ 


r Electronics Design Associates. Dept. PE 8/80 

82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 614791 \ 


1 X5KIT £16 95 


1 ACCESS OR BARCLAY CARD No. 
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Copies of Patents can be obtained from : 

the Patent Office Sales, St. Mary Cray, Orpington, Kent 


so that a constant polarity output is fed to a 
display tube viewfinder. But clearly syn¬ 
chronization between the tubes is all impor- 


of the invention is the provision of deflec¬ 
tion coils on the body of the cylinder 8. 
These thus rotate in mechanically locked 
synchronism with the shutter; so both the 


LOW LIGHT VIEWFINDER 

English Electric Valve Company Ltd. 
patents (BP 1 559 586, filed in 1976 under 
the old laws) a greatly simplified low-light 
tv system. Such a system can, for example, 
be used as the viewfinder for a camera 
operating in the invisible infra red (or 
ultra-violet) regions. Normally an infra-red 
camera, with a vidicon tube of the thermal- 
imaging or pyro-electric type, requires a 
separate monitor as a viewfinder which in 
turn requires external synchronization. This 
is expensive and the aim is to provide an in¬ 
expensive viewfinder built into the camera. 

In many respects the new invention 
borrows from ideas as old as television— 
i.e. mechanical scanning by synchronously 
locked discs in the Baird system. A pyro¬ 
electric tube produces an output signal only 
when its target area is either heating up or 
cooling down under the influence of infra¬ 
red. No output is produced in a steady state 
condition so the tube must be associated 
with a shutter which regularly interrupts the 
infra-red image. Normally, the tube target 
gives a positive signal from areas that are 
warming up and a negative signal from 
areas that are cooling down. The negative 
signals are then all inverted electronically 



Fig. 2. 


Fig. 3. 



1981, the aerial will work with a satellite in a geostationary orbit 23,000 
miles above the Indian Ocean, one of the eight satellites now operating 
the Intelsat (International Telecomms Satellite Organisation) global 
system. “Madley Three” will be a 32m diameter dish capable of 
transmitting 2000 telephone calls and two TV programmes 
simultaneously. Its satellite is capable of handling up to 12,000 calls at 


THIRD MADLEY AERIAL 


W ORK HAS started on a new space communications aerial for the 
PO at Madley in Herts. This erection is necessary to keep pace 
with the enormous volume of overseas telephone calls from the UK, 
currently ten million a month, and doubling every four years. With telex 
and computer data increasing as fast, the £7-5m project will add to the 
satellite earth station’s £17m worth of existing hardware. The PO is 
spending an overall £1000m annually on new plant to constantly up¬ 
date Britain’s communications with the rest of the world. 

A £3m contract goes to Marconi Communications Systems, who 
will supply everything except the dish itself, and its control electronics 
and receivers. The remainder of the aerial and its electronics will be 
supplied by the Mitsubishi Electric Corporation. To be completed in 


Tl 58/59 CLUB 


A NATIONAL TI 58/59 calculator club has been started by Mr. 

R. M. Murphy of the Dept. Electronics Engineering, University 
College Swansea, Singleton Park, Swansea. 

The basis of the club will be direct exchanging of programs, or 
purchase of programs at 50 pence each. There will be a newsletter every 
two months, and since a PDP 11/32 computer is to be used for ad¬ 
ministration, the club should be very efficient. Guide books on conver¬ 
sion, upgrading and such things as a cheap cassette interface, will be 
available. 

Work is taking place to interface a SC/MP micro’ to the calculator 
to drive a 10-digit, 16-segment alphanumeric display. 

Membership will cost £5, or £3 to those who include a program plus 
flow diagram and instructions. 
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W HEN dealing with purely electronic circuits, whose 
resistance changes little with time, it matters little 
whether one uses a constant current or constant voltage 
source, and indeed most electronic engineers are quite con¬ 
tent to use the latter. However as soon as we move either to 
heavier current loads—where resistive heating becomes 
significant—or to more complex systems such as elec¬ 
trolyses, where total cell impedance depends on the sum of 
resistance through the electrolyte and reaction impedance, a 
constant current source becomes mandatory for any quan¬ 
titative measurements. Briefly to elaborate on the foregoing 
terms, it will be obvious that passage of any significant 
current through the electrolyte will cause resistive heating 
and thus lower the solution resistance. In this, its behaviour 
differs from the resistance coefficient of a metal, which is of 
opposite sign. It will be noted that the sign of the solution 
temperature coefficient, like that of an electric arc or a 
fluorescent tube, could induce a runaway condition. The 
second component is the so-called reaction impedance, that 
is to say, the resistance to passage of current at the elec¬ 
trodes themselves. This is a function of electrode materials, 
their size and not least, the type of electrolysis taking place. 
In short, the simplest electrolysis can in practice require a 
voltage increase of 50% or more in order to maintain a given 
current. Nothing could better demonstrate the need for the 
type of equipment to be described here. Knowing that 
current remains invariant with time, enables us to perform 
experiments such as the experimental verification of Fara¬ 
day's Laws, where total charge passed is current x time. 
Then too, using the same principle, we can pass a known 
charge and thereby generate a given quantity of a chemical 
or a metal ion. Such techniques are widely used in analysis 
where they correspond to an electrochemical means of 
"weighing out” from a bottle, but are far more accurate in 
most cases. Used with an oscilloscope the constant current 
source can tell us about species adsorbed on an electrode 
surface, for as long as many species exist, the potential will 
change only slowly, if at all. Once they are all gone, it will 
rise sharply. Last but not least, by passing a constant 
current, and measuring the rate of potential change of an 
electrode, we can determine the effective capacitance, from 
the simple equation: 

; i = C-dV/dt 


That capacitance is directly related to surface roughness, or 
the presence of foreign species adsorbed on its surface. In 
short, this is a most useful tool. 

Early constant current sources consisted simply of a high 
voltage—up to 100V DC connected across the electrolysis 
cell through a substantial resistance (which of course was 
required to dissipate a substantial wattage without too much 
temperature rise). But some years ago, solid state power 
sources began to find favour. 


DESIGN AND SPECIFICATION 

Our specification will depend on the purposes for which j 
we use the constant current source, or galvanostat, as it is I 
often known. The prime question relates to the current out¬ 
put. For such work, an output of 20mA will suffice, es¬ 
pecially when electro-analysis is the major interest. But for 
much other work, such as studies in electrolysis of brine, or 
battery research, a higher output, such as 1-2A is more 
useful, in that it enables us to do what we wish on elec¬ 
trodes of reasonable size, say 1-5cm 2 in area. The second 
feature must of course be current stability, and this is 
defined both with respect to time, into a constant load, and 
also with respect to load variation, over a short space of 
time. A one per cent constancy would be the lowest accep¬ 
table value, while a figure such as 0-3 per cent would be 
better. Again, the effect of ambient temperature on output 
current should not be neglected here, and can be lumped 
into the above figures. 

Finally we have two further specifications to meet. Ripple 
content should be less than 0-1 per cent and then there is 
the question of rise-time which depends very much on the 
proposed duty. But in some applications the device is" 
switched onto load extremely fast, using a mercury-wetted: 
reed relay or a CMOS and VMOS switch. Into a purely 
resistive load, the rise time shoud be fast—of the order of 1 I 
microsecond. 

Various circuits have been published, from time to time, I 
which fulfil these specifications. 

We shall show here the construction of two units. The I 
simpler one, based on a design of Dr. Colin Vincent, of the I 
University of St. Andrews, is a single transistor galvanostat. 1 
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It will deliver up to 22mA. The more sophisticated instru¬ 
ment is based on a design that was evolved at Salford Un¬ 
iversity. It will deliver from 5 microamperes to 3 Amperes in 
6 switched ranges. To extend the utility of the latter instru¬ 
ment, we have included a switch to convert it from constant 
current to constant voltage mode. The range switch and ten- 
turn potentiometer then provide a voltage range from OV to 
30V. 

A further feature incorporated in this instrument is an in¬ 
put socket which allows an applied voltage function to con¬ 
trol the current output as a function of time. Thus by applica¬ 
tion of a square wave voltage function, the corresponding 
current output will be produced. Suitable function 
generators are readily available commercially, though their 
construction will form the basis of a future article in this 
series. 


20mA GALVANOSTAT 

a) Circuit 

The circuit consists of a full wave rectified power supply 
comprising:—T1, D1, D2, Cl, C2 and R1 which delivers 
approximately 30V D.C. Transistor TR1 operates in the 
common base mode giving a very high impedance collector 
circuit. The current flowing in the load R L (collector current) 
is determined by the voltage applied to the transistor base V P 
and the value of R 3 , and is approximately equal to: 

-Ye-Vbe 

r 3 

where V BE is the potential drop across the base emitter 
junction; this being about 0-6V for a silicon transistor. 
Therefore the maximum load current for the circuit is 

6 2 97f? 6 = aPProx. 20mA 


By varifying the base voltage using VR1 the output 
current can be varied between 1 and 20mA. The circuit will 
keep the current constant to 0-1 per cent for 1 hour after 
reaching working temperature. In order to keep the circuit 
under load and at working temperature when not in use, a 
standby clearing load has been incorporated consisting of 
S2 and R4. The ability to supply maximum output current 
into high resistance loads is restricted by the available out¬ 
put voltage of 30V. 

CONSTRUCTION 

The circuit is constructed on a small printed circuit board no 
particular problems being envisaged. 

The original circuit was constructed in a small metal box 
measuring 135 x 80 x 55mm. 

CALIBRATION 

The circuit was loaded with a 100 ohm 0-5 watt resistor 
and allowed to warm up for one hour. 

The scale was then marked by adjusting VR1 and measur¬ 
ing the output current with a meter. 


Fig. 1. Circuit diagram of 20mA Galvanostat 



Fig. 2. Printed circuit (actual size) 


Fig. 3. Component overlay 
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stabilising network R1, D9, R2, DIO and C2. Resistors R3 
and R4 determine the limits within which VR1 operates. 

The circuit can be controlled externally, e.g. from a sweep 
generator via the external input socket SKI. For full output a 
control voltage of one volt d.c. is then required. 

In the constant current mode, one of the resistors 
R8-R13, selected by range switch S4, is connected in series 
with the load. Voltage developed across this resistor is fed 
back to the inverting input of IC1 so that if the output current 
increases the voltage across R8-R13 will increase thus 
causing the output voltage of the circuit to decrease holding 
the output current constant. The reverse occurs should the 
output current drop. 


3A GALVAIUOSTAT 

CIRCUIT 

The circuit provides an output voltage of up to 30V d.c. at 
currents up to 3A. 

The circuit functions as either a constant voltage or cons¬ 
tant current power supply, depending on the position of 
function switch S3. 

The output voltage or current is dependent on how much 
output transistors TR2 and TR3 are turned on by operational 
amplifier 1C 1, andTRI. 

Initial setting of voltage or current is achieved by adjusting 
the voltage at the non-inverting input of IC1 using VR1 to 
vary the reference voltage derived from the Zener diode 


V r.m.s. Secondary 1-2VA 
printed circuit mounting 
R.S. Components 207-908 

Miscellaneous 

51 DPDT Min. toggle 

52 SPDT Min. toggle 
Fuseholder +1A Fuse 
240V Neon 

P.c.b. 

Output socket 


* V -Q 

» 5 

# - p g g • 
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In the constant voltage mode R8-R13 are shorted by S3B 
and IC1 inverting input is grounded via R5 by S3A. 
Capacitors C3 and C4 provide supply decoupling for IC1. 

The output voltage is provided by T1, D1 —D4 and Cl, and 
IC1 has a separate power supply providing +30V and 
-7 5V. Switch S5 was also incorporated to reverse the 
polarity of the output. 


CONSTRUCTION 

The prototype circuit was constructed on two printed 
circuit boards, one for the main circuit and one for the 
operational amplifier power supply. Cl was mounted 
separately and resistors R8-R13 were mounted directly on 
S4. 



TR2 and TR3 were mounted on a heatsink with a thermal 
capacity of 1 -1 °C per watt, which-was mounted away from 
the case on 10mm spacers to give improved ventilation. A 
small clip-on heatsink was also fitted to TR1. 


SETTING UP AND USE 

Firstly the offset null is adjusted. With both inputs of IC1 
grounded, adjust VR2 to give 0V at IC1 output. 

The circuit will supply between lOpA and 3A in six 
overlapping ranges, although when using the 1A and 3A 
ranges, the output transistors will become quite hot (up to 
65°C), and load resistances of not less than in should be 
used on the 1A range and 8Q on the 3A range. 

When used as a constant voltage power supply the output 
current should be restricted to 1 A. ★ 
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Computer Graphics (exhibition & conference) Aug. 12-14. Metropole, 
Birmingham. O 

Harrogate International Festival of Sound Aug. 16-19 (18 & 19 trade). 
The Exhibition Centre + hotels. X 
Edtech Aug. 19-21. Holland Park School, London. Cl 
Personal Computer World Show Sept. 4-6. Cunard Hotel, Ham¬ 
mersmith, London. M 

Laboratory Sept. 9-11. Grosvenor Ho., Park Lane, London. E 
Intron 80 Sept. 9-11. RDS, Simmonscourt Pavilion, Dublin, V 
West of England Electronics Exhibition Sept. 9-11. Bristol Exhibition 
Centre. Q 

Electrathon (Lucas battery vehicle race) Sept. 13, 1980. Fashioned on 
last year’s event, this “whispering Grand Prix” is a contest for home 
made electric vehicles. It will again be held at Donington Park Race 
Circuit, nr. Derby. Details: g 021-554 5252. 

Avionics (symposium) Sept. University of Surrey. SI 

Emix (Electronic Measuring Instruments Exhibition) Sept. 30, Oct. 

1-2. Post House Hotel, Southampton. I 

BEX (Business Equipment Exhibition) Oct. 1-2. The Guildhall, 
Plymouth. K 

Emix Oct. 7-8. Centre hotel, Newcastle. I 
Emix Oct. 14-15. Guildhall, Cambridge. I 

Drive Electric October 14-17. Wembley Conf. Centre, London. 
Organiser: g 01-834 2333. 

BEX Oct. 15-16. Assembly Rooms, Edinburgh. K 

Engineering Ireland Oct. 15—18. Leopardstown Exhibition Centre. V 


Testmex (exhibition and conference) Oct. 28-30. Wembley Conference 
Centre. T 

Viewdata Exhibition for Professional & Business People Oct. 29-31. 

West Centre Hotel, London. Z1 

Compec Nov. 4-6. Olympia. Z1 

BEX Nov. 5-6. Sophia Gardens, Cardiff. K 

Semiconductor International 80 Nov. 25-27. Metropole Convention 
Centre. T1 

Breadboard Nov. 26-30. Royal Horticultural Halls, Westminster. T 
Solar Energy Exhibition Aug. 23-28, 1981. Brighton. M 


E Evan Steadman. g 0799 22612 

I ITF. ,f 021-705 6707 

K Douglas Temple Studios, 1046 Old Christchurch Rd., Bour¬ 
nemouth. 

M Montbuild. g 01-486 1951 
O Online Conferences. ( 0895 39262 
Q Exhibitions For Industry Ltd. f 08833-4371 
T Trident International Exhibitions, f 0822 4671 
V SDL Exhibitions, 68 Fitzwilliam Square, Dublin, Ireland. 

X Exhibition & Conference Services, Claremont Ho., Victoria Ave., 
Harrogate, Yorks. ( 0423 62677 

Cl Stereoscopic Television Ltd., 41/43 Charlbert St., St. John’s 
Wood, London NW8 6JN. g 01-722 4139 
SI Society of Electronics & Radio Technicians, 57-61 Newington 
Causeway, London SE1 6BL. g 01-403 2351 
T1 Kiver Communications U.K., Millbank House, 171/185 Ewell 
Road, Surbiton, Surrey KT6 6AX 

Z1 IPC Exhibitions Ltd., 40 Bowling Green Lane, London EC1R 
ONE. g 01-837 3636 



























A selection of readers 
original circuit ideas. It 
should be emphasised 
that these designs have 
not been proven by us. 
They will at any rate 
stimulate further thought. 

Why not submit your 
idea’ Any idea published 
will be awarded payment 
according to its merits 

Articles submitted for 
publication should con¬ 
form to the usual prac¬ 
tices of this journal, e.g. 
with regard to abbrevia¬ 
tions and circuit symbols. 
Diagrams should be on 
separate sheets, not in- 


Each idea submitted 
must be accompanied by 
a declaration to the effect 
that it is the original work 
of the undersigned, and 
that it has not been 


accepted for publication 
elsewhere 


A HEX KEYPAD 

T HE accompanying circuit shows a hex¬ 
adecimal keyboard interface which can 
be used as both a peripheral to a 
microprocessor or for inserting data under 
DMA. It gives visual indication of the out¬ 
put on a bank of eight leds. 

Each key is strobed low in turn by the 
configuration of IC1 and IC2. When a 
closed key is found, C1 is discharged and 
the clock IC6b stopped. IC2 clocks on the 
up stroke, so IC6a is included to stop extra 
pulses reaching the counter. As the voltage 
on C1 falls, it produces a clock pulse for 
IC5, which is wired as a divide by two 
counter. Falling edges on ICS’s output, 
latch the four bit number on IC2 
(representing the button pressed) alter¬ 
nately into IC3 and IC4. Cl debounces 
the keys. 

If the circuit is used for DMA, the out¬ 
put can be connected to the data bus . The 
two he x digit byte is entered and the Chip 
Enable pin of the memory strobed low to 
insert the byte. If a wrong number is 
entered, it can be re-entered before the CE 
line is strobed. 

If the circuit is used as a peripheral, then 
it must be interfaced through a tri-state 
buffer like the 74125, in which case it 
would have to be polled. A cheaper 
method of interface is via a 7401 NAND 
gate with open collector outputs. Because 
this performs an inversion, the data should 
be taken from the Q outputs of the 7475. 

D. Greaves, 
Romsey, 
Hants. 


16 PUSH 
SWITCHES 0-F 
Sq 
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T HE circuit is of a four digit mul¬ 
tiplexer, which was designed to 
facilitate the use of a multiplex connected 
type of l.e.d. display. The circuit can also 
be used to advantage with unmultiplexed 
l.e.d. displays, but the total current which 
may be drawn from each digit driver is 
limited to 40 mA. Alternatively discrete 
transistor drivers could be used. The type 
of display for which this circuit was inten¬ 
ded is the miniature calculator displays 
now available at low cost. With the values 
of R5-R11 the current per segment is just 
over 3 mA, which will give adequate 
brightness in most applications. The circuit 
is for common cathode l.e.d. displays. 

The circuit functions as follows: IC1 
and 1C2 form a divide by four counter 
with decimal outputs, which is used to 


MULTIPLEXER 

scan the digits and multiplexer gates, 
simultaneously. 

IC9 is an inverting buffer with 40 mA 
open collector outputs. These are wire- 
O Red together to enable the BCD outputs 
of the counters to be connected to the in¬ 
verters of IC7 and so to the decoder driver 
i.c., one after the other in sequence. With 
their respective digits. IC7 reinverts the 
BCD information because it becomes in¬ 
verted by the NAND gates. R1-R4 pull 
up the open collector outputs of the 
NAND gates. 

IC8 is the BCD to decimal decoder 
driver IC and is for common cathode type 
displays. R5-R11 are the current limiting 
resistors for the digits. The remaining two 
inverters of IC7 are used to form a mul¬ 
tivibrator which is used to clock the divide 


by four decimal counter. C3 and C4 are 
supply decoupling capacitors and should 
be spaced approximately 4 IC’s apart. 
Common anode type displays could be 
used with a 7447 for IC8. Discrete digit 
drivers must be used. More than four digits 
could be displayed by the use of more 
7401s and a suitable decimal decoded 
counter. 

C. F. Shorto, 
Weymouth, 
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T HIS circuit produces a 4 bit binary 
word for a key pressed on a keyboard. 
IC1 is wired in its astable mode. Pulses 
produced at pin 3 are taken to IC2, a 4 bit 
binary counter. The three most significant 
digits are taken to IC5, a BCD to decimal 
decoder. The outputs of this are low on 
select. As IC2 counts, one row of the 
keyboard matrix is low, followed by the 
next in sequence, thus the scanning action 
is produced. If a key is pressed then that 
row becomes low when IC5’s “scan” 
reaches it. One of IC3b’s inputs also 
becomes low at this moment, the output 
going high. ICs 3a and 4a detect when the 
clock is high and the output “A” of IC2 is 
low. IC4b detects when IC3b and IC4a 
are high and enables the latch, IC6. The 
“D” input to IC6 is derived from a column 
which contains the lower eight keys of the 
keyboard. A correct four bit binary code 
will then be obtained 

If a new key is pressed, its binary code 
will be accepted regardless of the code 
already present. Both true and com¬ 
plementary outputs are obtainable. 

The whole circuit was constructed on 
stripboard, with ribbon wire interfacing the 
keyboard. Outputs were accessible via 
solder con pins for easy connection to a 
breadboard. Two lOOn ceramic capacitors 
are also necessary for decoupling es¬ 
pecially nearIC 1. 

A. Piper 
Newport Pagnell, 
Bucks 



INEXPENSIVE A-TO-D CONVERTER 


T HE circuit shown converts the input 
voltage from VR2 into a four bit binary 
number suitable for many computer games 
(e.g. lunar landing). More bits can easily be 
added, however this method of conversion 
will not be sufficiently accurate for more 
than eight bits. Four i.c. packages are 

Initially counter IC1 is set at zero; 
however it is quickly clocked by the 
I astable configuration IC4c and IC4d. As it 
t counts, the four resistors R1 to R4 
i produce an increasing voltage proportional 
| to the count. When this voltage is higher 
I than the voltage at the wiper of VR2, IC3’s 
■ output swings to +5V which saturates 
!i transistor TR1 and stops the clock. Now 
|i the count on IC1 points to the input 
voltage and it can be read via the buffer 
i IC2. IC4a and IC4b detect the end of the 
reading and reset the counter so the cycle 

. Although during the counting period the 
> reading on IC 1 is incorrect, this will never 
| be noticed because it is pointless reading 
j the converter more than twice a second, as 
the user will not have appreciably moved 
■ VR2. VR1 is set to give a full scale setting 
i of VR2 of all ones (1 111). 

D. Greaves, 
Romsey, 
Hants. 
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T HE circuit diagram is shown up above 
and if the logic is followed through, the 
circuit operation should be fairly self 
explanatory. 

To start a game the “Reset” button is 
pressed to clear any scores on the coun¬ 
ters. A player then serves by pressing his 
“Serve” button. After a period of time the 
‘ball’ reaches the other player. This is 
signified by his l.e.d. lighting up. While this 
is lit he must press his “Bat” button to 
return the ball. If he fails to press the but¬ 
ton at the right time, this is a miss and 
registers a point on his opponent’s score 
counter. If he hits it then, after a period of 
time, it reaches the first player lighting up 
his l.e.d., he tries to hit it and so on. Each 
miss is counted as a point on the other 
player’s counter. 

Some skill is required in playing this 
game since the time taken for the “ball” to 
cross the “court” does not remain con¬ 
stant. Rather the time taken decreases 
during play until either a player misses a 


ball or the counter has gone through the 
eight speeds. At this time it reverts to the 
slowest speed and gets faster again. 

Serving triggers the monostable IC3a 
and b or IC5a and b. At the completion of 
its cycle it sends a pulse, which is 
generated by IC3c and d or IC5c and d, to 
the other player’s circuitry. The period of 
monostables IC3a and b and ICSa and b is 
determined by the resistor selected by the 
counter IC6. Each second hit advances the 
counter until it is reset. 

A suggested top-panel layout is shown 
right. 

Incidentally, a sort of doubles game can 
be produced by inserting another push 
switch across each of the “Bat” switches. 
Thus if one player missed the “ball”, the 
other would have a good chance of hitting 

P. Bailey, 
Rutherglen, 
Glasgow. 
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Readout... 

A selection from our Postbag 

Readers requiring a reply to any letter must include a stamped addressed envelope. 

Opinions expressed in Readout are not necessarily endorsed by the publishers of Practical Electronics. 


Velikovsky: Pure 
Myths 

Sir — While leafing through my father’s 
copy of PE (June 1980) I was rather surprised 
to find a serious letter supporting the 
ridiculous theories of Immanuel Velikovsky. 
In the letter, Mr. Austin “looks forward to 
reasoned argument” on the subject. For those 
readers interested in such, I should like to 
recommend the book ‘The Stars in Their 
Courses ’by Dr. Isaac Asimov which contains, 
among other fascinating essays, a chapter en¬ 
titled ‘Worlds in confusion’, from which I shall 
draw a few comments to the attention of your 
readers. 

Velikovsky’s book was claimed to be the 
work of a scientist (which Velikovsky is not) 
who had proved the Bible to be true. The basis 
of his theory is that Jupiter spewed out a huge 
comet, leaving behind the Red Spot, which 
careered about the solar system causing no 
end of interesting effects, before settling down 
to become Venus. The book is full of nonsense 
physics and ludicrous assumptions. For exam¬ 
ple, Velikovsky states that the laws of 
astronomy predict that a satellite will rotate 
slower than its planet and then points out that 
this is not so for the inner planet of Mars, thus 
demonstrating that all astronomic laws are 
wrong. It looks very nice but is nothing but 
transparent twaddle. There is nothing any 
astronomic law predicts about the speeds of 
rotation, which depend only on the primary 
and satellite distance and mass. In fact, the 
inner satellite of Mars has a rotational period 
of exactly that predicted by physics. 

Velikovsky also makes heavy use of 
medieval Jewish legends and the writings of 
the ancients, taking metaphor and legend as 
fact, and constructs his own chronology to fit 
his “facts”. His theory contains glaring errors 
of chemistry and physics that could be spotted 
by an A-level student (in one part he 
transforms hydrocarbons into carbohydrates 
in the space of a paragraph although the two 
classes of compound are completely different), 
and mis'-interpretadon of scientific observation. 
He uses scientific results when they agree with 
his theory and throws them away when they 
do not. He draws heavily on the spectroscopic 
analysis of comets tails without explaining 
why scientists who cannot handle the simple 
calculations of celestial mechanics should be 
trusted with such complex analysis! 

When he needs a rain of fire to explain cer¬ 
tain biblical tales he hits on the theory that the 
hydrocarbons in comets’ tails will burst into 
flame when passing through the Earth’s at¬ 
mosphere. Is this plausible? No sir, not a 


chance. Gas does not come much thinner that 
that in comets’ tails and it certainly would not 
burn in the atmosphere. You may say how do 
we know? Well, in 1910 we passed through 
the tail of Halley’s comet and absolutely 
nothing happened! (as predicted by the scien¬ 
tists and completely opposite to the phrophets 
of doom). 

I could go on, but do not think it necessary. 
In short, Velikovsky’s work is nonsense and 
demonstrates nothing except the gullibility of 
the non-scientific public. It has more in com¬ 
mon with crank mail (Dear Sir, I have recently 
disproved t(ie theory of relativity, etc., etc.) 
than a serious work. Copernicus developed his 
Sun-centred theory only because he was a 
thorough student of the Earth centred 
theories; Einstein developed relativity while a 
thorough student of Newtonian mechanics. 
Point taken? 

David G. W. Birch, B.Sc., 
Swindon. 

The AY-3 Saga 

Sir — Last year I wanted a GIM integrated 
TOG, the AY-3-0214, to make a copy of the 
Wersi master oscillator for my Maplin organ. 
Recent comment in your magazine reminds 
me of this. 

GIM very promptly sent me their product 
guide, and the data sheet on their music i.c.s. 
In the back of the product guide are listed 
their distributors so I set out to contact them. 
(I had already tried about 10 of the retailers 
who advertise the AY-1-0212 and other GIM 


ICs in the various hobby magazines and they 
were all useless, so I suggest that Mr. Par¬ 
tridge’s solution does not work!) (Readout 
May 1980). Of the distributors, one was 
down-right rude, two just did not want to 
know. Crellon Electronics were helpful but 
said that they had to order a minimum of 25, 
and did not wish to be left with 24. They could 
only supply if I would have 25, at £13-50 
each!—fair enough. 

I then wrote to GIM again and thanked 
them for the information but suggested that it 
was a pity that their excellent i.c.s were not 
available, and told them why. Within a week 
or so I received a letter from them, stating that 
if I wrote to Semiconductor Specialists at 
West Drayton, they would now be able to sup¬ 
ply me, which indeed they did for the sum of 
£13-80. Previously they had “not got it in 
stock.” and “had never had it” and “didn’t 
want to know about getting it”. 

So if your readers are trying without 
success to obtain GIM i.c.s then I suggest they 
write to: General Instruments MicroElec- 
tronics Ltd., Regency House, 1/4 Warwick 
Street, London W1R 5WB. They won’t supply 
directly, but they do seem to be quite good at 
waking their distributors up! 

Lastly, since buying that i.c. I have seen 
that it is on the “Doram” list at £10-10. Oh 
well, you can’t win them all. 

A. Jaques, 
Urmston, Manchester. 


CPUs: The Last Word 

Sir—Re the letter by C. R. Harris in your 
June issue, I would like to point out that the 
article was originally credited to Roy 
Featherstone, now at Edinburgh researching 
into artificial intelligence, and secondly, that 
the ultimate CPU described has the advantage 
over its silicon rivals of being mass produced 
by unskilled labour! 

Tim Sutherns, 
President, S.U. Computer Club, 
Southampton. 
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Build the World Famous 

CHROMA-CHIME 





Give your friends a warm welcome 

This kit has been carefully prepared so that practically anyone 
capable of neat soldering will have complete success in building it. 
The kit manual contains step by step constructional details 
together with a fault finding guide, circuit description, installation 
details and operational instructions all well illustrated with 
numerous figures and diagrams. 

• Handsome purpose built cabinet 

• Easy to build and install 

• Uses Texas InstrumentsTMSIOOO microcomputer 

• Absolutely all parts supplied including I.C. socket 

• Ready drilled and legended PCB included 

• Comprehensive kit manual with full circuit details 

• No previous microcomputer experience necessary 

• All programming permanently retained is on chip ROI 

• Can be built in about 3 hours! 

• Runs off 2 PP3 type batteries. 

• Fully Guaranteed 

• Scute fuucude oh tuvuncilletciilprice tfawuety. 

JH -MP0027A Micro-computer chip 
Jll available separately if required. Full 
Sf 24 tune spec device fully guaranteed. 

BBS This unique chip can be used not only for 
Jlfi electronic door chimes but for other projects 
8S8 requiring musical output: 

gSSSSL. PA QR 

Amusement Machines CW^T ■ W 
figs Alarms Free applications manual 

aaae _ ... ... . and data supplied with device! 

388 Public Address etc (Or 30p separately.) 

m 11 warn 'wmmMmm 

ALL CHROMATRONICS PRODUCTS SUPPLIED WITH MONEY BACK GUARANTEE 
PLEASE ALLOW 7-21 DAYS FOR DEUVERY 

Please send me: pe.8.80. 

TO: CHROMATRONICS, RIVER WAY, HARLOW, ESSEX. 

NAME ' v v; , T - . ; - ■ ' ■ 


TMS 

1000N 


I enclose cheque/PO value E _ 

or debit my ACCESS/BARCLAYCARD account-no. 


H 


Signature _ 

CHnornmnonics 


CONGRESS AMPLIFIER 

We supply all the designer approved parts for this 
exceptional kit, including high quality printed circuit 
boards and transformer. 

Complete kit, excluding metalwork with 20% discount on 
parts. £73.74 

All parts to assemble pre-amp i.e. R’s, C’s, PCB’s, 

semicons, controls etc, but excluding transformer with 
1 0% discount on parts. £41.79 

All parts to build main amp board £20.48 

Mains transformer £12.82 

Smoothing caps & clips £8.86 

Front Panel £3.20 

Chassis (unpainted, pre-punched) £ 13.40 

Front panel and chassis not subject to reduction but if ordered 
together with complete kit available at special price of £ 11.50 
This offer also applies to previous purchasers of complete kits. 

MAIL ORDER ONLY. 

Prices include VAT and p&p 

Please send A5 S.A.E. for full price details. 

Terms: Cash with order. Cheques etc. should be made 
payable to: 

CONGRESS ELECTRONICS 
PROJECT 

Allow 14-21 days after sending order for delivery. Send 
order to: 

Photostat of article available at £1.20. 


WICCA SYSTEMS LTD, 

24 HILLCREST PARADE, CQULSD0N, SURREY. 
Tel. 01-668 5256 


DISCO LIGHTING 
KITS!!! 

First class constructional projects, c/w glass fibre P.C.B.’s & full instructions. No extra 
components needed to make a top rate working unit. 



SAXON ENTERTAINMENTS 


327-333 Whitehorse Rd., Croydon, Surrey CR0 2HS. 
(01) 684 0098. 

Order by phone - Access/ Barclaycard/C.O.D. 

Open Mon. - Sat. 9am - 5pm. 
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SPECIAL REPORT 

Just£1 
to all readers 


Don’t buy a 
digital watch 


until you read this report 

There are so many digital watches on the market, 
with varying functions, that the average person is 
bound to feel somewhat confused. 


nAl > 


A new survey of the electronic watch 
industry has been produced to clarify 
this confusion and to give an unbiased 
and objective answer to the many 
questions that are constantly being 


by Trevor Raven. 
C.Eng. AMBIM. MIERE 


40page 
illustrated 
report. 
Retail price 
£4-50 
but just £1 
to our 
readers. 


Which is the best watch? 


* How accurate are electronic 
watches? 

* Who makes Seiko’s? 

* What is the importance between 
brand names? 

3K Is solar power worth the extra 
money? 

* What are the most important 
features in a watch? 

3K When will prices stop falling? 


The survey answers all of these 
questions and tells you what to look 
for in a quartz watch; how they work; 
why the prices vary so much; what 
the future holds. 

SPECIAL OFFER 
Send today for this technical 
report, plus news of a unique Metac 
offer to beat all special offers. 

Complete the coupon below and 
send it FREEPOST (no stamp 
required) and we will post, Same Day 
Despatch, the technical report giving 
you all you need to know about 
electronic watches and details of our 
special offer. 



These four watches are very 
different in price, durability and 
functions. How would you choose 
between them? 

This unbiased and objective 
report helps you to make this 
decision and gives you a deeper 
insight into the rapidly changing and 
exciting world of the micro-chip. 

For your copy of the report 
complete and return the coupon to: 
Metac Electronic & Time Centres, 
24-hour Despatch Centre, FREE¬ 
POST, 47A High St., Daventry, 
Northants. 

Name 
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Simply ahead... 



ILP PRE-AMPS ARE 
COMPATIBLE WITH ALL 
ILP POWER AMPS AND PSUs 


POWER AMPLIFIERS 


0.10 
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OUTPUT POWER-WATTS R.M.S 




Model 

Output 

R.M.S. 

Dis- 

itlKHi 

Minimum 

Signal/ 

Ratio 

Supply 

Voltage 

Size 

Weight 

Price + 
V.A.T. 

HY30 

15 W 
into 8 & 

0.02% 

100 dB 

-20 -0- +20 

105x50x25 

155 

£6.34 

+ 95p 

HY50 

30 W 
into 8 n 

0.02% 

100 dB 

-25 -0- +25 

105x50x25 

155 

£7.24 

+ £1.09 

HY120 

60 W 
into 8 f2 

0.01% 

100 dB 

-35 -0- +35 

114x50x85 

575 

£15.20 

+ £2.28 

HY200 

120 W 
into 8 £2 

0.01% 

100 dB 

-45 -0- +45 

114x50x85 

575 

£18.44 

+ £2.77 

HY400 

240 W 
into 4 n 

0.01% 

100 dB 

■45 -0- +45 

114x100x85 

1.15Kg 

£27.68 

+ £4., 15 


Load impedance - all models 4 Q - oo 
Input sensitivity - all models 500 mV 
Input impedance - all models 100K Cl 


POWER SUPPLY UNITS 



ILP Power Supply Units with transformers made in our 
own factory are designed specifically for use with ILP 
power amplifiers and are in two basic forms - one with 
circuit panel mounted on conventionally styled 
laminated transformer, for smaller PSU's - in the other, 
forlargerPSU's.lLPtoroidaltransformersare used which 
are half the size and weight of laminated equivalents, are 
more efficient and have greatly reduced radiation. 

PSU 30 ± 15V at 100mA to drive up to 12 x HY6 or 6 

x HY66 £4.50+£0.68 VAT 

THE FOLLOWING WILL ALSO DRIVE ILP PRE-AMPS 
PSU 36 for 1 or 2HY30's £8.10+£1.22 VAT 

PSU 50 for 1 or.2HY50's £8.10+ £1.22 VAT 

PSU 60 with toroidal transformer for 

1 HY 120 £9.75+ E1.46VAT 

PSU 70 with toroidal transformer for 1 or 

2 HY120's £13.61+ £2.04 VAT 

PSU 90 with toroidal transformer for 

1HY200 £13.61+ £2.04 VAT 

PSU 180 with toroidal transformer for 

1 HY400or 2 x HY200 £23.02+ E3.45VAT 


AVAILABLE ALSO FROM WATFORD ELECTRONICS, 


MARSHALLS AND CERTAIN OTHER SELECTED STOCKISTS. 
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this time with two 
new pre - amps 



HY6 


mono 


HY66 


stereo 


When ILP add a new design to their audio-module range, there have to be very 
special reasons for doing so. You expect even better results. We have achieved 
this with two new pre-amplifiers - H Y6 for mono operation. HY66 for stereo. 
We have simplified connections, and improved performance figures all round. 
Our new pre-amps are short-circuit and polarity protected; mounting boards 
are available to simplify construction. 

Sizes - HY6- 45 x 20 x 40 mm HY66 90 x 20x40 mm. Active Tone Control 
circuits provide ± 12dB cut and boost. Inputs Sensitivity-Mag. PU. -3mV: 
Mic-selectable 1 -12mV: All others 100m V: Tape 0/P -lOOmV: 

Main O/P - 500mV: Frequency response - D C. to 10OKHz - 3dB 


HY6. 

£ 5.60 

HY66 

£ 10.60 


| LOW DISTORTION - Typically 0.005% 

| S/N RATIO-Typically 90dB(RNag.P.U.-68dB). 

| HIGH OVERLOAD FACTOR -38 dB on Mag. P.U. 

| LATEST DESIGN HIGH QUALITY CONNECTORS. 

| REQUIRE ONLY POTS.SWITCHES, PLUGS AND SOCKETS. 

| COMPATIBLE WITH ALL ILP POWER AMPS AND PSUs. 

| NEEDS ONLY UNREGULATED POWER SUPPLY 115V to 150V. 

k ALL U.K. ORDERS DESPATCHED POST PAID 

HOW TO ORDER, USING FREEPOST SYSTEM I 

Cimnlti fill in nrrinr a<m mnn nr ni 



78p f 1 2p VAT 
B66 Mounting B< 


NO QUIBBLE 
5 YEAR GUARANTEE 
7-DAY DESPATCH ON 
ALL ORDERS 
BRITISH DESIGN AND 
MANUFACTURE 
FREEPOST SERVICE 


@Sr, 


Simply fill in order coupon with payment or 
credit card instructions. Post to address as 
below but do not stamp envelope - wepay 
postage on all letters sent to us by readers of 
this journal. 


ELECTRONICS LTD. 

FREEPOST 5 Graham Bell House. Roper Close. 
Canterbury, Kent CT2 7EP. 

Telephone (0227) 54778 Telex 965780 


Please supply. 

.Total purchase price £.... 

I enclose Cheque □ Postal Orders □ Internation: 
Please debit my Access/Barclaycard Account No... 






















































































MOTORS 
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ACCOUNT CUSTOMERS MIN. ORDER £10 00 


ie 01-437 0576 












































CAMBRIDGE 

LEARNING 

ENTERPRISES 


Self 

Instruction 

Courses 


Microcomputers are coming - ride 
wave! Learn to program. 

Millions of jobs are threatened but 
millions will be created. Learn 
BASIC - the language of the small ci 
puter and the most easy-to-learn ei 
puter language in widespread use. Teach 
yourself with a course which takes yot 
from complete ignorance step-by-step t( 
real proficiency, with a unique style of 
graded hints. In 60 straightforward 
lessons you will learn the five essentials of 
programming: problem definition, 
flowcharting, coding the program, 
debugging, and clear documentation 



computers, 9 problem definition. BOOK 3 Compilers ar 
RESTORE: debugging: arrays; bubble sorting; TAB BO 


....THEN, GO TO; lir 
Adva'nSdBAsic-s! 


Also THE BASIC HANDBOOK (BHB) £11.50 An encyclopaedic 
guide to the major BASIC dialects. A must if you use other peoples' 
programs 


and: ALGORITHM WRITER'S GUIDE IAWG) £4.00 Communicate 
by flow chart! Learn to use Yes/No questions for: procedures, system 
design, safety, legislation ' 


Understand Digital 

Electronics 

Written for the student or enthusiast, this 
course is packed with information, 
diagrams, and questions designed to lead 
you step-by-step through number 
systems and Boolean algebra t< 
memories, counters, and simpli 
arithmetic circuits; and finally to ai 
understanding of the design and opera¬ 
tion of calculators an 

tions; multiple-input gates; \ 

counters; ROMS and RAf 
CPU; memory organisation 



g^stem 


DIGITAL COMPUTER LOGIC & ELECTRONICS. (DCL) £7.00 

A course covering the material in italics above, but at a slower pace. 
(4 vols) 

GUARANTEE - No risk to you. If you are not completely satisfied your money 
will be refunded without question, on return of the books in good condition. 

CAMBRIDGE LEARNING ENTERPRISES, RIVERMILLSITE. FREEPOST. ST. IVES. 
HUNTINGDON. 


AWG (£4.00) 
DDS (£12.50) 
DCL (£7.00) 


THESE PRICES COVER Tl 


IT OF SURFACE MAIL WORLDWIDE. AIRMAIL: 


■ill Site, FREEPOST, St. Ii 

ry: up to 21 days 

:g. in Eng. No. 1328762 


AT BLINKIN' LAST 

COLOURBOARD li 

IS HERE AND LIKE A TON OF BRICKS DOWN CRASHES THE PRICE OF 
STANDARD SUPERBOARD II 

pSfL 

SUPERBOARD II £159.95+15% VAT 

COLOURBOARD II £205 + 15% VAT. 

+ 

THE UNIQUE SPECIAL 

i im ?»in ' 

Uwnp.'n#,, 

♦ * * 

* ffiSs? t 

+ **¥** + ♦** 


BATTERY ELIMINATOR KIT 

. S 4£v3v '!+«!. 


4-j +4jv £1L92, 6 + 6v £1.92, 9+9v £ 1.92. 

IS ElwlfcsE 

£ 12 * 10 . 1 12v V car^om«tor 6/7i«v 1 A 

BATTERY ELIMINATORS 

800 £2 n ?e' outp ‘ Jt 3 / 4 iW 7 i/ 9 / 12v 

SINCLAIR (THANDAR) PRODUCTS 

£144 0 95! 0 PFM200 C £S1 S ?9S, e case ’ £2.0?! 
adaptor £4^20^connector^kit^ £13.95. 

ca^ 3 ^.^^M 5 35jTJ^. a ?0? r [?M45C5 

£7.99/^mains^ adaptor/chajger^g £4.20, 

SWANLEY ELECTRONICS 

Dept. PE, 32 Goldael Rd., Swanley, Kant BR8 8EZ. 

27p post free° Oversealfcustomers deduct 1 9 3%. Official credit orders welcome. 


dA Wilmslow 

3|f Audio 

THE firm for speakers! 

SEND 50p FOR THE WORLD'S BEST 
CATALOGUE OF SPEAKERS, DRIVE UNITS, 
KITS, CROSSOVERS ETC. AND DISCOUNT 
PRICE LIST. 


AUDAX • AUDIOMASTER • BAKER • 
BOWER & WILKINS • CASTLE • CELESTION 

• CHARTWELL • COLES • DALESFORD • 
DECCA • EAGLE • ELAC • EMI • FANE • 
GAUSS • GOODMANS • HARBETH • 
JISOPHON • I.M.F. • JORDAN • JORDAN 
WATTS • KEF • LOWTHER • McKENZIE • 
MISSION • MONITOR AUDIO • MOTOROLA 

• PEERLESS • RADFORD • RAM • ROGERS • 
RICHARD ALLAN • SEAS • SHACKMAN • STAG 

• TANNOY # VIDEOTONE • WHARFEDALE • 


WILMSLOW AUDIO (Dept. P.E.) 

SWAN WORKS, BANK SQUARE, WILMSLOW, 
CHESHIRE SK9 1HF 

Tel: 0625 529599 

FOR MAIL ORDER & EXPORT OF DRIVE UNITS, KITS ETC. 

Tel: 0625 526213 

(SWIFT OF WILMSLOW) FOR HI-FI & COMPLETE SPEAKERS 
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FLADAR 

[TRANSFORMERS 

PRIMARY 0-240V 50Hz 

SEND FOR OUR TRANSFORMEF 
INCLUDES A 5Op VOUCHER 

Type [voltage 1 Current_U Ip/p 

1 CATALOGUE PRICE £1 00 WHICH 

1 OFF YOUR FIRST PURCHASE. 

JJ-LZES[voltage I Current 1 C| p/p 


06FE50 112-0-12 


SOUTHVIEW DRIVE 




The new 
Toolrange 
catalogue 



still the only 
catalogue 
of its kind 


The New Toolrange Catalogue is still the 
only comprehensive single source of 
electronic tools and production aids. 

The product range has almost doubled 
since last year and now over 2,000 tools, 
toolkits and service aids are illustrated in 
full colour. 

Products from over 100 top manufacturers 
are available from stock. 

Over 60,000 catalogues are now in 
circulation. If you don’t have one simply 
write, telephone or telex Toolrange for your 
free copy. 
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AITKEN BROS 

35, High Bridge, Newcastle upon Tyne 

Tel: 0632 26729 ——^ E xp 3 oo 

PROTO-BOARD 6 KIT 

iccepts up to 6 14 pin DIPS. £10-98. 

CSC LOGIC PROBES 

LP-2 ECONOMY PROBE 

impedance, tests circuits up to 1-5MHZ. Detectin^ulse 


CALSCOPE SUPER 6 £186-30 







Phone or write for 
details. 


MONITORS 

MONITORS 

MONITORS 


Semi professional or 
professional available 
from stock. 

Monitor PCBs including 
Transformers and Tubes 
also in stock. 


CROFTON 

ELECTRONICS 

Crofton Electronics Limited 
35Grosvenor Road,Twickenham, Middx. 
Tel: 01 891 1513 
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RECHARGEABLE 

BATTERIES 






PLOTTER etc. Working programmes that will give you 
ideas of your own. S.A.E. M & B SERVICES, 182a, High 
Street, Margate, Kent. 




SEEN MY CAT? 5000 Odds and ends. Mechanical. Elec¬ 
trical. Cat free. Whiston Dept. PRE, New Mills, Stockport. 



Cabinet and Flightcase Fittings 

Fretcloths, Coverings, Handles, Castors etc., Jacks and 
Sockets, Cannons, Bulgins, Reverb Trays, Emilar Compres¬ 
sion Drivers, AKG Mies, Celestion Speakers, ASS, Glassfibre 

Send 30p in stamps for illustrated catalogues to:- 

ADAM HALL (P. E. SUPPLIES) 



DIGITAL WATCH BATTERY 



RAMAR CONSTRUCTOR 


SERVICES, 

Masons Rd. Stratford on Avon 
Warwks. CV37,9NF 0789-4879 
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UK 101 BASIC RENUMBERING PROGRAMME tape, listing 
and data for £4. Send cheque to: P. J. Barden, 517 


BURGLAR ALARM EQUIPMENT. Latest Discount Catalogue 
out now! Phone C.W.A.S. Alarm 0274 682674. 


CENTURION ALARMS 

BURGLAR ALARM EQUIPMENT AT UNBEATABLE VALUE JUST 




PLEASE 

MENTION 

PRACTICAL 

ELECTRONICS 

When 


PRINTED CIRCUIT BOARDS. Glass Fibre tinned & Drilled, 

prices. Send S.A.E. for quotations. R. D. Electronics, 
12 Whiteoaks Road, Oadby, Leicester. 0533-716273. 


SINCLAIR ZX80 (Unexpanded) Programs. Five for £2, on 
Cassette, or S.A.E. for details. Milner, 251 Henley Road. 


ULTRASONIC TRANSDUCERS. £2.85 per pair + 25p P&P. 
Dataplus Developments, 81 Cholmeley Road, Reading, 



replying 

to 

Advertisements 


PRINTERS 80-Columns Plain Paper. RS232 Centronics 
IEEE 20mA Interfaces £375 + VAT. Eproms 2708 £5.40p 
(+VAT) 2716 £21.60 (+VAT). Postage 35p. Software for 
most micros. Zero-One Electronics, 36 Oaklands Avenue, 
Thornton Heath, Surrey CR4 7PH. 




so SEND off NOW. 


CAMBRIDGE KITS 

45 (FH) Old School Lane, Milton, Cambridge. 



PFER TO READERS OF THIS MAGAZINE 


SYLVAN IA PRODUCTS 



BUILD A SYNTHESISER! 



Using Pewtron meg-4 

PROFESSIONAL MODULES 


Over 20 different electronic modules to select what YOU want to build a synthesiser; simple or 
complex. Start simple and add to it as you can afford. New attractive prices for the long-popular, 
well-tried range of Dewtron synthesiser and other effects modules. Also "Mister Bassman" 

D.E.W. LTD. 

254 RINGWOOD ROAD, FERNDOWN, DORSET BH22 9AR. 
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EfflBSKfflBD® electronics 

56 FORTIS GREEN ROAD MUSWELLHILL LONDON N10 3HN 
TELEPHONE 01-883 3705 01-883 2289 





PRESS AND PRICE LIST- 


SEND SAE OR PHONE FOR UP TO DATE PRICES OF ALL OUR RANGE OF ITEMS STOCKED 


-MEMORY EXPANSION KIT" 


-PETS — 

2001-8N (8K RAM) 

£449 


2001-16N (16K RAM) £549 
2001-32N (32K RAM) £649 

ALL WITH NEW KEYBOARD AND 
GREEN SCREEN. 

PERIPHERALS 

Service & Assistance available. 
Interfaces available are: 

X-Y plotters, analogue to digital 


Suitable for U K101, Superboard 
expansion using 2114's. Each 
board has 16K RAM capacity. 

Kit contains: 

* On board power supply 

* 4K EPROM expansion 

* Fully buffered for easy expansion 
via 40 pin socket 


EPSON TX-80 £395 

Dot-matrix printer with 
Pet graphics Interface: 
Centronics parallel, 
options: PET, Apple and 
serial. 


* 8K KIT £99.95 

* 16K KIT £139.90 


Unique stackable tape 
storage unit. Interlocking 
drawers. 5 drawers each 
containing 2 Cl2 tapes. 

10 drawers £9.50 
5 drawers £5.25 
Single drawer £1.10 


—PRINTERS— 

TX-80 £395 


-UK101— 

£199 in kit form 
£249 ready built & tested 
£275 complete in case 

NO EXTRAS REQUIRED 

* FREE SAMPLER TAPE 

* FULL QWERTY KEYBOARD 

* 8K BASIC 

* RAM EXPANDABLE TO 8K ON BOARD (4K INC) 

* KANSAS CITY TAPE INTERFACE 

* New monitor allows full editing & cursor control. 

£22 


ASSEMBLER 

EDITOR 

TAPE 

£14.95 


—MEMORY- 

D. RAMS £ p. 
4027 2.75 

4050 (350NS) 2.35 

4060 (300NS) 2.39 

4116 4.35 

S. RAMS 

2102A 1.09 

2102A-2 1.09 

2112A 2.25 

21L02 98 

2114-4045 2.95 

4035 1.07 

4044-5257 6.93 

BULK PURCHASE 
8.2114 22.50 

8.4116 29.95 

8.21L02 7.00 

BULK PURCHASE 
162114 39.95 

16 21L02 13.00 

32 21L02 25.00 

64 21L02 45.00 




-CPU'S- 

6502 9.50 

8080 4.75 

9900 25.95 

6800 5.90 

Z80 8.95 


—BUFFERS- 


81LS95 1.25 

81LS96 1.25 

81LS97 1.25 

81LS98 1.25 

SN74365 52 

SN74366 52 

SN74367 52 

SN74368 52 

8T26 1.75 

8T28 1.75 

8T95 1.57 

8T96 1.57 

8T97 1.50 

8T98 1.57 


-BAUD RATE GENS—t 

MC14411 8.75 

MM5307 8.75 


PARTS 

-5-1013 
-5-1015 3.98 I 

MM5503 4.75 

3.55 


PLEASE ADD VAT 15% TO ALL PRICES. POSTAGE ON COMPUTERS, PRINTERS & 
CASSETTE DECKS CHARGED AT COST. ALL OTHER ITEMS P&P 30p. PLACE YOUR 
ORDER USING YOUR ACCESS OR BARCLAYCARD (Min. Tel. order £5.00). 
TRADE & EXPORT ENQUIRIES WELCOME, CREDIT FACILITIES ARRANGED. 
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BAKER £69 

50 WATT Post£2 
AMPLIFIER 




240V (120V available). Blue wording on black cabinet. 

Printed circuit and components Post SOp £3'25 

STEREO PRE-AMP KIT. All parts to build this pre-amp. 3-inputs for 



Radio Components Specialists 


SCS Components 


CA555CG 

:1s 

DIODES 


!n4002 

of 

!n4003 


IN4006 


IN4007 

.07 

ZENERS 


400mW ‘ .07 each 

RESISTORS 



TRANSISTORS 

09 

ZTX109 

09 

ZTX310 

10 

ZTX330 

11 


li 

m750 

20 

DIL SOCKETS 


| 

|| 

I 

| 

40P 





SWITCHES 

8295K7 3 

<{gj-lS5 


MAN3640-7.6mm ( 


MV5054/1 - 5mm Red 
MV5054/3 - 5mm Red 
MV5074B - 3mm Red 
MV52124 - Rectangular Green 
MV53124 - Rectangular Yellow 
MV57124-Rectangular Red 

BARGAIN BASEMENT 

AY-3-0214 Top Octave Generators 
AY-5-1203A 4 Digit Clock 


37 digit to LED - A/D Converter 

32 CJ V/F Converter £2!25 each 


Codespeed Electronics 


P.O. BOX 23, 34 SEAFIELD ROAD, 
COPNOR, PORTSMOUTH, HANTS., 
P03 5BJ 


Jet, £5.25each. FLUORESCENT reject 

a 55pfoM0. CLOCKCmP MM5316 LC 

. ilastic, 0.006” thick. Any size cut 
rom 1 sq. in. to max. size 19"x250 feet. 3p per sq. in- 
h. MOMENTARY (push to -make') switch. Red cap. 


ie soldering. QUALITY ja 


POST AND PACKING PLEASE ADD 40| 
(Overseas Orders Add £1) 

>r your FREE copy of our latest catalogue p 
send MEDIUM sized SAE 

TO TOTAL COST 


V - T ADD 15% TO TOT; 
■M. I . (Including Post arv 


MICROPROCESSORS 
FOR HOBBYISTS 


110 IC TIMER PROJECTS FOR THE 
HOME CONSTRUCTOR 

byJ.H. Gilder Pric 

THE OSCILLOSCOPE IN USE 


COLOUR T.V. WITH PARTICULAR REF. 
TO THE PAL SYSTEM 

by G. N. Patchett Price: 

TELETEXT & VIEWDATA 


WORLD RADIO TV HANDBOOK 


1980 THE RADIO AMATEUR'S H/B 

by A.R.R.L. Price: £8.00 

★ ALL PRICES INCLUDE POSTAGE ★ 

THE MODERN 
BOOK CO. 
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THIS MONTH'S STAR BUYS 












































































r “"Os 

: bFR 80 ||p 

TIP34A 115p 
TIP34C 160p 

fF1 
ilf 

ill 1 " 0 I? 

BFY51/2 30p 

TIP36A 270? 
TIP3t5C 340p 
TIP41C 78? 


BFY56 33p 

BSX?9/2olS 

TJP42A 8? 

Ip i| 

BUI 04 225? 


111" 1 

11 

Hi 

1C187/3 30? 

*E308 50p 

M 3 J2 0 501 225** 

2N457A 250p 
2N697 25? 

.BC477/8 30? 

MJ300? 225p 

2N698 45? 

2N706A 2Op 

•BC547B 16? 
•BC549C 18p 
•BC557B 16b 

MJE295^10^» 

•MPFIO3/4SS 

2N930 ?8? 

2N1131 50p 

•BC559C 18p 
BCY70 18p 
BCY71/2 22p 

•MPF105/6 40p 
MPSA06 30p 

2N1613 25p 

2N2102 60? 

BD131/2 50p 
BD135/6 54p 

•MPSA12 50p 
•MPSA13 50p 
MPSA43 50p 

2N2222A 22 

BD140 60? 

BD189 60p 

BD242 70p 

•MPSA20 50p 
* MPSA70 !o? 

2N2369A 20?. 

2N2484 30p 

2N2646 50p 

BDY56 200p 
BF115 36p 

•MPSU06 63p 
MPSU65 78p 

2N2904/5 30p 

BF167 30p 

BF178 36? 

OC35 130? 
•R2008B 200p 

2N2907A 30? 
2N3053 30? 

BF200 32p 

•BF2568 70 P 


2N3055 48? 

2N3442 140p 

•BFR39 II? 

! *RFR40 25d 


•2N3565 2 30? 
‘2N3643/4 48p 





TTUbyTEXAS 


4000 SERIES 93 SERIES 


Sfc J 


7 7 Ts^ r '%p 2 

" ,5n « \Z i 

5 25p 4 

3 20 P 4 

1 40? 4 

1 « 5 


113a A 7 B 

•CA3048 225? 

.CA3080E 72p 

•CA3090AQ 375? 

“*1» 


VERO WIRING 


SN76003N 250p 


- ibr 

2N4058/9 lip 


*2N5401 50p 


1N4003M 
1 N 5401 '3 14p 





















































POMPUKIT UK101 


EUROPE'S FASTEST SELLING 
ONE BOARD COMPUTER 




★ 6502 based system — best value for money on the market. 

★ Powerful 8K Basic — Fastest around ★ Full Qwerty Keyboard ★ 4K 
RAM Expandable to 8K on board. ★ Power supply and RF Modulator on 
board. ★ No Extras needed — Plug-in and go. ★ Kansas City Tape 
Interface on board. ★ Free Sampler Tape including powerful Disassembler 
and Monitor with each Kit. ★ If you want to learn about Micros, but 
didn't know which machine to buy then this is the machine for you. 


1 B ^zBBS£F am 

KIT ONLY £199 + vat 

NO EXTRAS NEEDED 

AVAILABLE READY 
ASSEMBLED & TESTED 
READY TO GO FOR £249 - vat 


» n + °VAT e/blaCk II II 6502 Assembler/Editor for Compukit £14-90 V ; T || 


of computing is at your fi 



Please add VAT to all prices — Delivery at cost, will be advised at time of purchase. Please 
cheques and postal orders payable to COMPSHOP LTD., or phone your order quoting 
BARCLAYCARD, ACCESS, DINERS CLUB or AMERICAN EXPRESS number. 

CREDIT FACILITIES ARRANGED — send S.A.E. for application form. 

14 Station Road, New Barnet, Hertfordshire, EN5 1QW Telex: 298755 TELCOM G 
Telephone: 01-441 2922 (Sales) 01-449 6596 
OPEN - 10 am - 7 pm — Monday to Saturday 

Close to New Barnet BR Station — Moorgate Line. 

NOW in IRELAND at: 80 Marlborough St„ Dublin 1. Tel: Dublin 749933 


























































Post this coupon now for your copy 
of our 1979-80 catalogue price 70p. 

. Please send me a copy of your 28Q page 
catalogue.leneiase70p(plus46pp&p) ■ 

If I am not completely satisfied I may return the 
catalogue to you and have my money refunded. 
If you live outside the U. K. send £1.35 or ten 
International Reply Coupons. ' I enclose £1.16. 


sgue now available in all branches of WHSMITH $ Price £1.00 


STEP INTO A NEW WORLD 
WHEN YOU DISCOVER 


For beginners or professionals, the Maplin crtalogue will help you 
find just about everything you need for your project. 

Over 5,000 of the most useful components — from resistors to f 
microprocessors — clearly described and illustrated. 


Send the coupon for your copy 
^ and STEP UP TO 
^ MAPLIN SERVICE 


ELECTRONIC SUPPLIES L|D 
ah mail 

P.O. Box 3, Rayleigh, Essex SS6 8LR. 

Telephone: Southend (0702} 554155. 

Shop: 284 London Road, Westcliff-on Sea, Essex. (Closed on Monday^ 
Telephone: Southend (0702) 554000.__ 
















